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INHIBITORS OF AUTOPHOSPHORYLATION 
PROTEIN KNASES 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001) This application claims the benefit of U.S. Provi 
sional Application Ser. No. 60/463,929, filed Apr. 18, 2003. 
0002 This invention was made with government support 
under National Institute of Health Grant Nos. AIO25904 and 
AI56152. The government has certain rights in the inven 
tion. 

BACKGROUND OF THE INVENTION 

0.003 Protein kinases represent a large number of struc 
turally related enzymes that are involved in Signal transduc 
tion processes within cells. The basic mechanism of action 
of protein kinases is to add a phosphate group (i.e., phos 
phorylation) to a protein. Protein kinases have been classi 
fied into various groups based on the Substrates phosphory 
lated by the protein kinase. For example, tyrosine kinase 
phosphorylates protein at a tyrosine residue and Serine 
kinase phosphorylates protein at a Serine residue. A large 
number of cellular processes and functions are regulated by 
protein kinases. These include proliferation, differentiation, 
apoptosis, gene transcription, and protein translation. 
0004 Tyrosine kinases catalyze the transfer of a terminal 
phosphate of adenosine triphosphate (ATP) to a tyrosine 
residue in the protein Substrate. Akinase that phosphorylates 
one or more of its own tyrosines is an autophosphorylation 
tyrosine kinase. Tyrosine kinases can be classified as those 
that autophosphorylate, or those that do not autophospho 
rylate but that do phosphorylate other proteins. Tyrosine 
kinases are also classified as receptor type or non-receptor 
type. The receptor-type tyrosine kinases have an extracel 
lular region, a transmembrane region, and an intracellular 
region. Non-receptor type tyrosine kinases are located intra 
cellularly. There are Several Subgroups of the receptor-type 
tyrosine kinases including the group designated as HER. The 
HER subgroup of tyrosine kinases includes EGF receptor, 
HER2, HER3, and HER4 (also known as erbB-1, erbB-2, 
erbB-3, and erbB-4, respectively). Tyrosine kinases play an 
important role in both normal and abnormal cell function 
(Blume-Jensen et al., 2001; Andersson 2002; Levitzki 2002; 
Alton et al., 2002). Uncontrolled or constitutive tyrosine 
kinase activity can result in diseases Such as cancer and 
immunological disorders associated with inflammatory or 
T-helper 1 lymphocytes (Blume-Jensen et al., 2001; Tsyga 
nkov, A. Y. 2003; Andersson 2002; Levitzki 2002; Alton et 
al., 2002). Many oncogenes code for proteins that are 
tyrosine kinases (Blume-Jensen et al., 2001). 
0005 Some growth factors and cytokines regulate cellu 
lar functions by way of the JanuS Kinase (JAK) signal 
transducers and activators of transcription (STAT). The JAK 
tyrosine kinases are typically activated upon ligand binding 
to a receptor-type tyrosine kinase. Transcription factors 
(STATS) are then activated by phosphorylation. It is thought 
that the activated STATS are then directed to the nucleus and 
are Subsequently involved in transcription of a target gene. 
The JAK family of tyrosine kinases were first described for 
their role in signaling through the interferon (IFN) receptors 
of both type I and type II IFNs (Kotenko et al., 2000). 
Among the IFNS, JAK2 is associated with the type II IFN, 
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IFN-Y (Kotenko et al., 2000). The immediate-early signal 
transduction events associated with IFNY's interaction with 
its receptor involves the obligatory action of two tyrosine 
kinases, JAK1 and JAK2 (Kotenko et al., 2000). The IFN-y 
receptor (IFNGR) system is a heterodimeric complex con 
sisting of an O-subunit, IFNGR-1, and a B-subunit, IFNGR 
2, both of which are essential for biological activities of 
IFN-Y (Kotenko et al., 2000). JAK1 is constitutively asso 
ciated with the IFNGR-1 chain, while JAK2 is associated 
with the IFNGR-2 chain (Kotenko et al., 2000). 
0006 Interaction of IFN-Y, primarily with the IFNGR-1 
Subunit, initiates a Sequence of events that results in 
increased binding of JAK2 to IFNGR-1 (Kotenko et al., 
2000). This interaction has important consequences for 
Subsequent critical phosphorylation events (Kotenko et al., 
2000). JAK2, in the process of binding to IFNGR-1, under 
goes autophosphorylation, and at the same time IFNGR-1 is 
phosphorylated. These events, occurring in concert with 
JAK1 function, result ultimately in recruitment and tyrosine 
phosphorylation of the IFN-Y transcription factor STAT1C. 
(Kotenko et al., 2000). The activity of JAK tyrosine kinases, 
and consequently Signaling via the JAK/STAT pathway, is 
controlled negatively by members of the Suppressors of 
cytokine signaling family (SOCS), also called the cytokine 
inducible SH2 containing (CIS) family (Hanada et al., 2003; 
Kile et al., 2002; Alexander 2002; Larsen et al., 2002). These 
inducible proteins are of Significantly varied lengths, but 
share domains of homology that characterize the family and 
their function. 

0007 As noted above, many cancer genes code for pro 
teins that are tyrosine kinases. Because of the association of 
tyrosine kinases with oncogenesis and cellular proliferation, 
inhibitors of tyrosine kinases are being actively developed 
and evaluated for their use in treating various oncological 
disorders. The targeted approach of treatment of cancer is 
directed towards development of Specific tyrosine kinase 
inhibitors. One of the most Successful examples of targeted 
therapy against cancer is in the treatment of chronic myel 
ogenous leukemia (CML). This form of leukemia arises 
from chromosomal rearrangements where the p210 BCR 
Abl cytoplasmic tyrosine kinase is rendered constitutively 
active. The pharmaceutical compound marketed under the 
name GLEEVEC (imatinib mesylate) (Novartis Pharmaceu 
tical Company, East Hanover, N.J.) binds to the ATPbinding 
site of this kinase and inhibits its kinase activity (Capdeville 
et al., 2002; Levitzki 2002). This results in almost total 
control of CML without the undesirable side effects typically 
asSociated with conventional chemotherapy. 
0008 U.S. Pat. No. 5,912,183 (Comoglio et al.) discloses 
peptides which interact with intracellular signal transducers, 
thereby interfering in pathways associated with cell prolif 
eration, adhesion, etc. Peptides described in the 183 patent 
generally contain tyrosine residues and are modeled to 
represent Sites of tyrosine phosphorylation. Another drug 
(Iressa; ZD1839) that inhibits the tyrosine kinase Epidermal 
Growth Factor Receptor is also in clinical trials for the 
treatment of cancer. U.S. Pat. No. 6,417,168, published U.S. 
application US 2002/0165193 and published reports by Park 
et al. describe peptidomimetics that bind to the p185''' 
growth factor receptor and inhibit proliferation of p185'' 
neu overexpressing tumor cells. The p185""" protein is 
the human analog of p185". The p185''' protein is 
overexpressed in a significant percentage of cancers, includ 
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ing ovarian, breast, and colon cancer. The monoclonal 
antibody marketed under the name HERCEPTIN (trastu 
Zumab) (Genentech, South San Francisco, Calif.) binds to 
the p185''' protein and is being used in clinical treat 
ment of cancer (Ritter and Arteaga 2003). 
0009. However, most current therapeutics for cancer and 
inflammation are too nonspecific and thus not Sufficiently 
effective. Further, chemotherapy, which is a highly non 
Specific treatment for cancer, is a non-targeted Systemic 
approach to cancer treatment. AS can be understood from the 
above, there remains a need in the art for drugs that are 
Specifically targeted for cellular molecules that are involved 
or associated with inflammatory and/or oncological disor 
ders. In particular, there remains a need for other inhibitors 
of tyrosine kinases, including those that are specifically 
inhibitory to certain kinds and classes of the tyrosine 
kinases. 

BRIEF SUMMARY OF THE INVENTION 

0.010 The subject invention concerns compounds and 
molecules, Such as peptide molecules, that Specifically 
inhibit the enzymatic function of tyrosine kinases, including 
the JAK and EGF receptor (EGFR) family of kinases, to 
autophosphorylate, i.e., to transfer a phosphate group from 
ATP to an amino acid in the kinase. Phosphorylation of 
proteins is the most fundamental method for Signal trans 
duction among proteins in a cell. Inhibition of tyrosine 
kinase autophosphorylation activities inhibits the enzyme’s 
Signaling and shuts down the functioning pathways origi 
nating from the enzyme. Specifically exemplified herein are 
peptides for inhibiting JAK2 and EFGR autophosphoryla 
tion. An antibody that binds to the autophosphorylation site 
of a kinase and blockS autophosphorylation is also included 
in the scope of the present invention. The JAK2 and EGFR 
tyrosine kinases are involved in both inflammatory disorders 
and cancer. In these disorders, the tyrosine kinases can often 
be activated in an uncontrolled fashion. Thus, the Subject 
invention also concerns methods for treating inflammatory 
and oncological disorders by inhibiting tyrosine kinase 
Signaling in these situations by administering a compound or 
molecule of the present invention. 

BRIEF DESCRIPTION OF THE FIGURES 

0011 FIGS. 1A and 1B show the binding of Tkip peptide 
by JAK2 autophosphorylation peptide, JAK2 WT. FIG. 1A 
shows direct binding of wild type JAK2 WT peptide (see 
Table 3 for sequences) to Tkip. The wild type JAK2 peptide 
was Synthesized with a biotin group incorporated at its 
N-terminus during peptide Synthesis, and the peptide puri 
fied. Biotinylated JAK2 WT peptide, at the indicated con 
centrations, was added in triplicate to wells of 96-well plates 
coated with either Tkip, VEGFR peptide, CDK-2 cyclin box 
peptide, or MulFN-y(95-125) peptide (see Table 3 for 
sequences). Wells were blocked with PBS+2% gelatin--0.1% 
Tween-20. The assay was developed using standard ELISA 
methods using a neutravidin-HRP conjugate to detect bound 
biotinylated wild type JAK2. Non-specific binding was 
determined from Wells that were not coated with any peptide 
to which the same concentrations of biotinylated peptide 
were added. FIG. 1B shows biotinylated wild type JAK2 
peptide was bound to Tkip coated on 96-well plates, either 
in the absence (100% binding) or presence of indicated 
concentrations of JAK2 WT peptide, VEGFR peptide or an 
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unrelated peptide (MulFN-Y(95-125)). Bound biotinylated 
wild type JAK2 peptide was detected by ELISA using a 
neutravidin-HRP conjugate. The data are representative of at 
least two Separate experiments. 

0012 FIGS. 2A-2F show kinase inhibitory specificity of 
Tkip peptide. In FIG. 2A, Tkip inhibits autophosphorylation 
of JAK2. Tkip peptide was added at 50 uM, where indicated, 
to in vitro kinase assays measuring JAK2 autophosphory 
lation. Kinase reactions were subjected to SDS-PAGE and 
the gels dried. Dried gels were Subjected to autoradiography 
to detect 'P-labeled proteins (upper and middle panels). 
The negative control peptide was the JAK2 WT peptide used 
at the same concentration. Genistein, a nonspecific inhibitor 
of JAK2, was used as a positive control. Total JAK2 protein 
was measured from Separate reactions that were Subjected to 
SDS-PAGE and the proteins Western transferred to a nitro 
cellulose membrane followed by detection with standard 
immunoblotting and ECL detection protocols (bottom 
panel). The data are representative of at least two separate 
experiments. In FIG. 2B, Tkip does not inhibit autophos 
phorylation of VEGFR. Tkip peptide was added at 50 uM, 
where indicated, to in Vitro kinase assays measuring VEGFR 
autophosphorylation. The control peptide was the JAK2 WT 
peptide (see Table 3) used at the same concentration. Kinase 
reactions were subjected to SDS-PAGE and the gels dried. 
Dried gels were Subjected to autoradiography to detect 
'P-labeled proteins (upper panel). Total VEGFR protein 
was measured from Separate reactions that were Subjected to 
SDS-PAGE and the proteins Western transferred to a nitro 
cellulose membrane followed by detection with standard 
immunoblotting and ECL detection protocols (lower panel). 
In FIG. 2C, Tkip does not inhibit tyrosine phosphorylation 
activity of c-Src. Tkip peptide was added at 50 uM, where 
indicated, to in vitro kinase assays measuring c-Src tyrosine 
phosphorylation of a Synthetic Substrate peptide. C-Src 
kinase activity was determined using a kit purchased from 
Upstate Biotechnology (Lake Placid, N.Y.). The control 
peptide (c-Src.--Control peptide) was the JAK2 WT peptide 
used at the Same concentration. None represents reactions 
without c-Src or peptides as a measure of background. 
Triplicate Samples of the kinase reactions were spotted on 
P81 cellulose discs, and processed as described by the 
manufacturer. The discS were counted for radioactivity, and 
kinase activity is reported as percentage of the activity of the 
reaction containing neither Tkip nor control peptide (c-Src 
alone), after subtraction of background (None). In FIG. 2D, 
Tkip inhibition of kinase reactions for JAK2 were setup as 
described in FIG.2A as a positive control, but samples were 
processed as in FIG. 2C. Activity is reported as percentage 
of activity in reactions containing JAK2 and IFNGR-1 
alone, after subtraction of background. In FIG. 2E, Tkip 
peptide inhibits autophosphorylation of EGFR. Tkip peptide 
was added at 50 uM, where indicated, to in vitro kinase 
assays measuring EGFR autophosphorylation. The negative 
control peptide, 50 uM, was the same as in FIG. 2A (JAK2 
WT, see Table 3). Kinase reactions were subjected to SDS 
PAGE and the gels dried. Dried gels were subjected to 
autoradiography to detect P-labeled proteins (upper 
panel). Total EGFR protein was measured from Separate 
reactions that were subjected to SDS-PAGE and the proteins 
Western transferred to a nitrocellulose membrane followed 
by detection with standard immunoblotting and ECL detec 
tion protocols (lower panel). In FIG. 2F, as a positive 
control, we demonstrate that Tkip inhibited JAK2 in the 
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Same experiment. Samples were set up and run as in FIG. 
2A. This experiment was run in parallel with that of FIGS. 
2B and 2E. 

0013 FIGS. 3A and 3B show dose response of Tkip 
peptide inhibition of JAK2, IFNGR-1, and EGFR autophos 
phorylation in vitro. In FIG. 3A, Tkip was incubated with 
JAK2, IFNGR-1, and P-ATP for 30 min at 30° C. at the 
indicated concentrations. The kinase reaction was resolved 
on a 10% SDS-PAGE. The gel was dried and exposed to 
photographic film for 1 hr at -70° C. to detect phosphory 
lated proteins (upper panel). Kinase reaction mixtures were 
subjected to immunoblotting with a probe specific for JAK2 
and IFNGR-1 as an internal protein loading control (second 
and fourth panel). In FIG. 3B, Tkip was incubated with 
EGF, EGFR, and 'P-ATP for 10 min at 30° C. at the 
indicated concentrations. The kinase reaction was resolved 
on a 10% SDS-PAGE. The gel was dried and exposed to 
photographic film for 1 hr at -70° C. to detect phosphory 
lated proteins (upper panel). Kinase reaction mixtures were 
subjected to immunoblotting with a probe specific for EGFR 
as an internal protein loading control (lower panel). The data 
are representative of at least two separate experiments. 

0.014 FIG. 4 shows binding of unphosphorylated JAK2 
WT peptide versus phosphorylated JAK2 WT peptide to 
Tkip peptide. Various concentrations of biotinylated unphos 
phorylated JAK2 WT (JAK2 WT) and biotinylated phos 
phorylated JAK2 WT (p-JAK2 WT) peptides were incu 
bated in the presence of immobilized Tkip. Binding was 
measured by Solid phase binding assayS. The data are 
representative of two independent experiments performed in 
triplicate. Binding of phosphorylated JAK2 WT peptide 
versus unphosphorylated JAK2 WT peptide was found to be 
statistically significant (p<0.005) by Student's t-test. 
0015 FIGS. 5A and 5B show that the Tkip peptide 
inhibits IFN-Y induced STAT1C. activation in WISH cells but 
does not inhibit VEGF-induced activation of VEGFR in 
BAECs. In FIG. 5A, serum-starved WISH cells were pre 
treated with media alone or Tkip (8 uM or 1 uM) for 17 hr. 
Following 30 min incubation in the presence or absence of 
5000 U/ml IFN-y, cells were washed, harvested, and lysed. 
Whole cell extracts were resolved by 12% SDS-PAGE, 
transferred to nitrocellulose membranes, and examined 
using specific antibodies to phosphorylated STAT1C. (p-Tyr 
701, upper panel). The membrane was striped and reprobed 
with antibodies specific to unphosphorylated STAT1C. to 
demonstrate equal protein loading (lower panel). Data are 
representative of at least two separate experiments. In FIG. 
5B, BAECs were pretreated with media alone or Tkip (8 uM 
or 1 uM) overnight prior to 2 hr incubation in serum free 
media. Following starvation, BAECs were treated with or 
without 50 ng/ml of VEGF for 15 min in the presence or 
absence of various concentrations of Tkip (8 uM or 1 uM). 
VEGFR phosphorylation was monitored using immunopre 
cipation (anti-VEGFR) and immunoblot (anti-pY) analysis. 
The membrane was striped and reprobed with antibodies 
Specific to VEGFR to demonstrate equal protein loading 
(lower panel). Data are representative of at least two sepa 
rate experiments. 

0016 FIG. 6 shows that the Tkip peptide inhibits the 
antiviral activity of IFN-y against EMC virus on WEHI-3 
cells. WEHI-3 cells were preincubated either in the absence 
of peptide (Media), in the presence of IFN-Y (2000 U/ml) 
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alone, or IFN-y+10 uM of lipopeptides as indicated, for 24 
hr. The control lipopeptide was the lipophilic version of 
JAK2 WT (see Table 3 for sequence). Cells were then 
challenged with EMC virus for another 24 hr. Cells were 
then Stained with crystal violet, the dye extracted and the 
absorbance measured. Values are normalized percentages of 
cell survival determined by setting cells treated with EMC 
virus alone (EMCV) as 0% and cells with not virus treatment 
(Media) as 100%. The data are representative of at least two 
Separate experiments. The difference in cell Survival for cells 
incubated in the presence (IFN-y+EMCV+Lipo-Tkip) or 
absence (IFN-y+EMCV) of Lipo-Tkip was found to be 
statistically significant (p<0.005) by Student's t-test. 
0017 FIGS. 7A and 7B shows downregulation of IFN-y 
induced cell membrane expression of MHC class I on WISH 
cells using Tkip peptide. In FIG. 7A, WISH cells were 
treated in the presence or absence of IFN-Y (5000 U/ml) and 
various concentrations of Lipo-Tkip (LT) for 48 h. Cells 
were then Stained with R-PE conjugated monoclonal anti 
body specific for human MHC class I. R-PE conjugated 
mouse IgG2a was used as an isotype control. The data are 
presented as mean fluorescence intensity. In FIG. 7B, over 
lapping histograms indicate untreated cells (bold line), 
IFN-Y treated cells (dashed line), and LT+IFN-Y treated cells 
(thin line). 
0018 FIG. 8 shows inhibition of phosphorylation of 
kinases by peptides NGVLFLMIFHFLG (SEQ ID NO. 37) 
and EMLVLLMALKLLA (SEQ ID NO. 72). Tkip inhibits 
autophosphorylation of JAK2. Tkip peptides, NGV 
LFLMIFHFLG (SEQ ID NO. 37), or EMLVLLMALKLLA 
(SEQ ID NO. 72) were added at 50 uM, where indicated, to 
in Vitro kinase assays measuring JAK2 autophosphorylation. 
Kinase reactions were subjected to SDS-PAGE and the gels 
dried. Dried gels were Subjected to autoradiography to detect 
P-labeled proteins (upper and middle panels). The nega 

tive control peptide was the JAK2 WT peptide used at the 
Same concentration. Genistein, a nonspecific inhibitor of 
JAK2, was used as a positive control. Total JAK2 protein 
was measured from Separate reactions that were Subjected to 
SDS-PAGE and the proteins Western transferred to a nitro 
cellulose membrane followed by detection with standard 
immunoblotting and ECL detection protocols (bottom 
panel). The data are representative of at least two separate 
experiments. 
0019 FIG. 9 shows Tkip Suppresses experimental aller 
gic encephalomyelitis (EAE) in mice. NZW mice were 
injected intraperitoneally with PBS or Tkip (63 ug/mouse) 
every other day Starting the day of immunization with 
myelin basic protein (MBP) for induction of EAE. Mice 
were followed daily for signs of EAE, and mean severity of 
paralysis for each group was graded based on the following 
Scale: 1, loSS of tail tone, 2, hind leg weakness, 3, parapare 
sis, 4, paraplegia, 5, moribund, death. Control (PBS-treated) 
mice had an average Severity of 2.1, while Tkip-treated mice 
had an average Severity of 0.8. All mice in the control group 
had disease (disease incidence=V4), while one mouse in the 
Tkip group had disease (disease incidence=/s). 

BRIEF DESCRIPTION OF THE SEQUENCES 
0020 SEQ ID NO. 1 is the amino acid sequence of a 
peptide that can be used according to the present invention. 
0021 SEQ ID NO. 2 is the amino acid sequence of a 
peptide used for control purposes. 
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0022 SEQID NO. 3 is an amino terminal deletion of the 
amino acid sequence shown in SEQ ID NO. 1. 
0023 SEQID NO. 4 is an amino terminal deletion of the 
amino acid sequence shown in SEQ ID NO. 1. 
0024 SEQID NO. 5 is an amino terminal deletion of the 
amino acid sequence shown in SEQ ID NO. 1. 
0025 SEQID NO. 6 is an amino terminal deletion of the 
amino acid sequence shown in SEQ ID NO. 1. 
0026 SEQID NO. 7 is an amino terminal deletion of the 
amino acid sequence shown in SEQ ID NO. 1. 
0027 SEQID NO. 8 is a carboxy terminal deletion of the 
amino acid sequence shown in SEQ ID NO. 1. 
0028 SEQID NO. 9 is a carboxy terminal deletion of the 
amino acid sequence shown in SEQ ID NO. 1. 
0029 SEQ ID NO. 10 is a carboxy terminal deletion of 
the amino acid sequence shown in SEQ ID NO. 1. 
0030 SEQ ID NO. 11 is a carboxy terminal deletion of 
the amino acid sequence shown in SEQ ID NO. 1. 
0031 SEQ ID NO. 12 is a carboxy terminal deletion of 
the amino acid sequence shown in SEQ ID NO. 1. 
0032) SEQ ID NO. 13 is an amino and carboxy terminal 
deletion of the amino acid sequence shown in SEQ ID NO. 
1. 

0033 SEQ ID NO. 14 is an amino and carboxy terminal 
deletion of the amino acid sequence shown in SEQ ID NO. 
1. 

0034 SEQ ID NO. 15 is an amino and carboxy terminal 
deletion of the amino acid sequence shown in SEQ ID NO. 
1. 

0035) SEQ ID NO. 16 is an amino terminal addition of 
the amino acid sequence shown in SEQ ID NO. 1. 
0036 SEQ ID NO. 17 is an amino terminal addition of 
the amino acid sequence shown in SEQ ID NO. 1. 
0037 SEQ ID NO. 18 is an amino terminal addition of 
the amino acid sequence shown in SEQ ID NO. 1. 

0038 SEQ ID NO. 19 is an amino terminal addition of 
the amino acid sequence.shown in SEQ ID NO. 1. 

0039 SEQ ID NO. 20 is an amino terminal addition of 
the amino acid sequence shown in SEQ ID NO. 1. 

0040 SEQ ID NO. 21 is an amino terminal addition of 
the amino acid sequence shown in SEQ ID NO. 1. 

0041) SEQ ID NO. 22 is an amino terminal addition of 
the amino acid sequence shown in SEQ ID NO. 1. 
0042 SEQ ID NO. 23 is a carboxy terminal addition of 
the amino acid sequence shown in SEQ ID NO. 1. 
0043 SEQ ID NO. 24 is a carboxy terminal addition of 
the amino acid sequence shown in SEQ ID NO. 1. 
0044 SEQ ID NO. 25 is a carboxy terminal addition of 
the amino acid sequence shown in SEQ ID NO. 1. 
0045 SEQ ID NO. 26 is a carboxy terminal addition of 
the amino acid sequence shown in SEQ ID NO. 1. 
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0046) SEQ ID NO. 27 is a carboxy terminal addition of 
the amino acid sequence shown in SEQ ID NO. 1. 
0047 SEQ ID NO. 28 is a carboxy terminal addition of 
the amino acid sequence shown in SEQ ID NO. 1. 
0048 SEQ ID NO. 29 is a carboxy terminal addition of 
the amino acid sequence shown in SEQ ID NO. 1. 
0049 SEQ ID NO. 30 is an amino and carboxy terminal 
addition of the amino acid sequence shown in SEQ ID NO. 
1. 

0050 SEQ ID NO. 31 is an amino and carboxy terminal 
addition of the amino acid sequence shown in SEQ ID NO. 
1. 

0051 SEQ ID NO. 32 is an amino and carboxy terminal 
addition of the amino acid sequence shown in SEQ ID NO. 
1. 

0.052 SEQ ID NO. 33 is an amino and carboxy terminal 
addition of the amino acid sequence shown in SEQ ID NO. 
1. 

0053 SEQ ID NO. 34 is an amino and carboxy terminal 
addition of the amino acid sequence shown in SEQ ID NO. 
1. 

0054 SEQ ID NO. 35 is an amino and carboxy terminal 
addition of the amino acid sequence shown in SEQ ID NO. 
1. 

0055 SEQ ID NO. 36 is an amino and carboxy terminal 
addition of the amino acid sequence shown in SEQ ID NO. 
1. 

0056 SEQ ID NO. 37 is the amino acid sequence of a 
peptide that can be used according to the present invention. 

0057 SEQ ID NO. 38 is an amino terminal deletion of 
the amino acid sequence shown in SEQ ID NO. 37. 

0.058 SEQ ID NO. 39 is an amino terminal deletion of 
the amino acid sequence shown in SEQ ID NO. 37. 

0059 SEQ ID NO. 40 is an amino terminal deletion of 
the amino acid sequence shown in SEQ ID NO. 37. 

0060 SEQ ID NO. 41 is an amino terminal deletion of 
the amino acid sequence shown in SEQ ID NO. 37. 
0061 SEQ ID NO. 42 is an amino terminal deletion of 
the amino acid sequence shown in SEQ ID NO. 37. 
0062 SEQ ID NO. 43 is a carboxy terminal deletion of 
the amino acid sequence shown in SEQ ID NO. 37. 
0063 SEQ ID NO. 44 is a carboxy terminal deletion of 
the amino acid sequence shown in SEQ ID NO. 37. 
0064 SEQ ID NO. 45 is a carboxy terminal deletion of 
the amino acid sequence shown in SEQ ID NO. 37. 
0065 SEQ ID NO. 46 is a carboxy terminal deletion of 
the amino acid sequence shown in SEQ ID NO. 37. 
0.066 SEQ ID NO. 47 is a carboxy terminal deletion of 
the amino acid sequence shown in SEQ ID NO. 37. 
0067 SEQ ID NO. 48 is an amino and carboxy terminal 
deletion of the amino acid sequence shown in SEQ ID NO. 
37. 
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0068 SEQ ID NO. 49 is an amino and carboxy terminal 
deletion of the amino acid sequence shown in SEQ ID NO. 
37. 

0069 SEQ ID NO. 50 is an amino and carboxy terminal 
deletion of the amino acid sequence shown in SEQ ID NO. 
37. 

0070 SEQ ID NO. 51 is an amino terminal addition of 
the amino acid sequence shown in SEQ ID NO. 37. 
0071 SEQ ID NO. 52 is an amino terminal addition of 
the amino acid sequence shown in SEQ ID NO. 37. 
0072 SEQ ID NO. 53 is an amino terminal addition of 
the amino acid sequence shown in SEQ ID NO. 37. 
0073 SEQ ID NO. 54 is an amino terminal addition of 
the amino acid sequence shown in SEQ ID NO. 37. 
0074 SEQ ID NO. 55 is an amino terminal addition of 
the amino acid sequence shown in SEQ ID NO. 37. 
0075 SEQ ID NO. 56 is an amino terminal addition of 
the amino acid sequence shown in SEQ ID NO. 37. 
0076 SEQ ID NO. 57 is an amino terminal addition of 
the amino acid sequence shown in SEQ ID NO. 37. 
0077 SEQ ID NO. 58 is a carboxy terminal addition of 
the amino acid sequence shown in SEQ ID NO. 37. 
0078 SEQ ID NO. 59 is a carboxy terminal addition of 
the amino acid sequence shown in SEQ ID NO. 37. 
0079 SEQ ID NO. 60 is a carboxy terminal addition of 
the amino acid sequence shown in SEQ ID NO. 37. 
0080 SEQ ID NO. 61 is a carboxy terminal addition of 
the amino acid sequence shown in SEQ ID NO. 37. 
0081 SEQ ID NO. 62 is a carboxy terminal addition of 
the amino acid sequence shown in SEQ ID NO. 37. 
0082 SEQ ID NO. 63 is a carboxy terminal addition of 
the amino acid sequence shown in SEQ ID NO. 37. 
0083 SEQ ID NO. 64 is a carboxy terminal addition of 
the amino acid sequence shown in SEQ ID NO. 37. 
0084 SEQ ID NO. 65 is an amino and carboxy terminal 
addition of the amino acid sequence shown in SEQ ID NO. 
37. 

0085 SEQ ID NO. 66 is an amino and carboxy terminal 
addition of the amino acid sequence shown in SEQ ID NO. 
37. 

0.086 SEQ ID NO. 67 is an amino and carboxy terminal 
addition of the amino acid sequence shown in SEQ ID NO. 
37. 

0087 SEQ ID NO. 68 is an amino and carboxy terminal 
addition of the amino acid sequence shown in SEQ ID NO. 
37. 

0088 SEQ ID NO. 69 is an amino and carboxy terminal 
addition of the amino acid sequence shown in SEQ ID NO. 
37. 

0089 SEQ ID NO. 70 is an amino and carboxy terminal 
addition of the amino acid sequence shown in SEQ ID NO. 
37. 
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0090 SEQ ID NO. 71 is an amino and carboxy terminal 
addition of the amino acid sequence shown in SEQ ID NO. 
37. 

0091 SEQ ID NO. 72 is the amino acid sequence of a 
peptide that can be used according to the present invention. 
0092) SEQ ID NO. 73 is the amino acid sequence of a 
peptide used for control purposes. 
0093 SEQ ID NO. 74 is the amino acid sequence of a 
peptide used for control purposes. 
0094 SEQ ID NO. 75 is the amino acid sequence of a 
peptide used for control purposes. 
0.095 SEQ ID NO. 76 is the amino acid sequence of a 
peptide used for control purposes. 

DETAILED DISCLOSURE OF THE INVENTION 

0096. The subject invention pertains to compounds and 
molecules that can bind to the autophosphorylation Site of a 
protein kinase and block or inhibit autophosphorylation of 
an amino acid within the Site, thereby blocking functional 
activity of the protein kinase. An embodiment of the Subject 
invention concerns peptides that block the ability of a 
tyrosine kinase, Such as a JanuS Kinase (JAK), to autophos 
phorylate. In one embodiment, a peptide of the invention 
inhibits the ability of a JAK2 tyrosine kinase to autophos 
phorylate. JAK2 is an essential kinase for phosphorylation 
events essential to the biological activity of the cytokine 
gamma interferon (IFNY). Production of IFNY, an antiviral 
cytokine, is associated with inflammatory disorders. Failure 
of JAK2 to autophosphorylate results in loss of IFNY activ 
ity. JAK2 activation is also associated with other inflamma 
tory cytokines Such as interleukin-13. In addition, oncogenes 
involved in cancer, Such as BCR-Abl, utilize JAK2 for 
phosphorylation of protooncogene products Such as C-myc. 
0097. In an exemplified embodiment, a peptide of the 
invention comprises the amino acid Sequence: NH2-tryp 
tophan(W)-leucine(L)-valine(V)-phenylalanine(F)-phenyla 
lanine(F)-valine(V)-isoleucine(I)-phenylalanine(F)-tyrosine 
(Y)-phenylalanine(F)-phenylalanine(F)-arginine(R)- 
COOH, represented by the standard single letter symbols: 
WLVFFVIFYFFR (SEQ ID NO. 1), also referred to herein 
as “Tkip” for (Tyrosine Kinase Inhibitor Peptide), or a 
fragment or variant of the peptide that can bind to an 
autophosphorylation Site of a protein kinase, Such as JAK2, 
and inhibit autophosphorylation of the protein kinase. 
0098. In another embodiment, a peptide of the invention 
comprises the amino acid sequence: NH-asparagine(N)- 
glycine(G)-valine(V)-leucine(L)-phenylalanine(F)-leu 
cine(L)-methionine(M)-isoleucine(I)-phenylalanine(F)-his 
tidine (H)-phenylalanine(F)-leucine(L)-glycine(G)-COOH, 
represented by the standard single letter symbols: NGV 
LFLMIFHFLG (SEQ ID NO. 37), or a fragment or variant 
of the peptide that can bind to an autophosphorylation site of 
a protein kinase, Such as JAK2, and inhibit autophosphory 
lation of the protein kinase. 
0099. In another embodiment, a peptide of the invention 
comprises the amino acid sequence: NH-glutamicacid (E)- 
methionine(M)-leucine(L)-valine(V)-leucine(L)-leu 
cine(L)-methionine(M)-alanine(A)-leucine(L)-lysine(K)- 
leucine (L)-alanine(A)-COOH, represented by the standard 
single letter symbols: EMLVLLMALKLLA (SEQ ID NO. 
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72), or a fragment or variant of the peptide that can bind to 
an autophosphorylation site of a protein kinase, Such as 
JAK2, and inhibit autophosphorylation of the protein kinase. 

0100 Peptides of the invention can be readily prepared 
using Standard techniques known in the art, including 
chemical Synthesis (Merrifield, 1963) and genetic engineer 
ing. The peptide WLVFFVIFYFFR (SEQ ID NO. 1) exem 
plified herein was designed to bind to the autophosphory 
lation site corresponding to the amino acids 1001 to 1013, 
LPQDKEYYKVKEP' (SEQ ID NO. 2), of human 

JAK2. Autophosphorylation of a tyrosine kinase is inhibited 
when an inhibitor peptide of the invention is bound to the 
autophosphorylation site of the tyrosine kinase, thereby 
blocking autophosphorylation at the Site and, therefore, the 
biological functions normally associated or mediated by the 
activated tyrosine kinase are Subsequently inhibited when 
the tyrosine kinase is unable to autophosphorylate. 

0101. JAK tyrosine kinases that are contemplated to be 
inhibited by a peptide of the invention include JAK1, JAK2, 
JAK3, JAK4, JAK5, JAK6, and JAK7. Peptides of the 
present invention can also inhibit autophosphorylation of 
EGF receptor (EGFR) tyrosine kinases, whose members (for 
example, HER2) are involved in Several types of cancers. 
EGFR kinases, like JAK tyrosine kinases, are autophospho 
rylation kinases. The EGF family of receptor tyrosine 
kinases include EGFR (erbB-1), erbB-2, erbB-3, and erbB 
4, all of which are contemplated within the scope of the 
present invention. Preferably, the kinases are human kinases 
or kinases of other mammals, Such as dog, cat, horse, etc. 
Additional tyrosine kinases contemplated within the Scope 
of those that can be inhibited by a peptide of the present 
invention include those that share amino acid Sequence 
homology with the amino acid Sequence of human JAK2 or 
EFGR protein at the site of autophosphorylation on the 
kinase. 

0102 Peptides of the subject invention include the spe 
cific peptides exemplified herein as well as equivalent 
peptides which may be, for example, Somewhat longer or 
Shorter than the peptides exemplified herein. For example, 
using the teachings provided herein, a person skilled in the 
art could readily make peptides having from 1 to about 15 
or more amino acids added to one or both ends of a peptide 
of the Subject invention. Examples of peptides having amino 
acids added to one or both ends of the exemplified peptides 
(SEQ ID NO. 1 and SEQ ID NO. 37) and contemplated 
within the scope of the present invention are shown in SEQ 
ID NO. 16 to SEO ID NO. 36 and SEO ID NO. 51 to SEO 
ID NO. 71. Similarly, a person skilled in the art could readily 
prepare peptides in which 1 to about 5 amino acids are 
removed from one or both ends of a peptide of the subject 
invention. Examples of peptide fragments of the exemplified 
peptides and contemplated within the Scope of the present 
invention are shown in SEOID NO. 3 to SEOID NO.15 and 
SEQ ID NO. 39 to SEQ ID NO. 50. The subject invention 
includes, but is not limited to, the exemplified longer and 
shorter peptides. Peptides wherein 1 to about 15 amino acids 
are added to one or both ends of the peptide EMLVLL 
MALKLLA (SEQ ID NO. 72) or wherein 1 to about 5 amino 
acids are removed from one or both ends of the peptide are 
specifically exemplified below (wherein “X” in the sequence 
represents any amino acid): 

MLWLLMATKLIA 

LWLLMALKLIA 

WLLMATKTLA 

MATKTLA 

EMLWLLMALKILL 

EMLWLLMALKL 

EMLWLLMALK 

EMLWLLMAL 

EMLWLLMA 

MLWLLMALKILL 

LWLLMALKI. 

WLLMALK 

LMAT 

XEMLWLLMALKLLA 

XXEMLWLLMALKLLA 

XXXEMLWLLMALKLLA 

XXXXEMLWLLMALKILLA 

XXXXXEMLWLLMATKLLA 

XXXXXXEMLWLLMALKLLA 

XXXXXXXEMLWLLMALKLLA 

XXXXXXXXEMLWLLMALKLLA 

XXXXXXXXXEMLWLLMALKILLA 

XXXXXXXXXXEMLWLLMATKLLA 

XXXXXXXXXXXEMLWLLMALKLLA 

XXXXXXXXXXXXEMLWLLMALKLLA 

XXXXXXXXXXXXXEMLWLLMALKLLA 

XXXXXXXXXXXXXXEMLWLLMALKLLA 

XXXXXXXXXXXXXXXEMLWLLMALKILLA 

EMLWLLMALKILLAX 

EMLWLLMALKILLAXX 

EMLWLLMALKILLAXXX 

EMLWLLMALKILLAXXXX 

EMLWLLMALKILLAXXXXX 

EMLWLLMALKILLAXXXXXX 

EMLWLLMALKILLAXXXXXXX 

EMLWLLMALKILLAXXXXXXXX 

EMLWLLMALKILLAXXXXXXXXX 

EMLWLLMALKILLAXXXXXXXXXX 

EMLWLLMALKILLAXXXXXXXXXXX 
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-continued 

EMLWLLMALKLLAXXXXXXXXXXXX 

EMLWLLMALKLLAXXXXXXXXXXXXX 

EMLWLLMALKLLAXXXXXXXXXXXXXX 

EMLWLLMALKLLAXXXXXXXXXXXXXXX 

XEMLWLLMALKLLAX 

XXEMLWLLMALKLLAXX 

XXXEMLWLLMALKLLAXXX 

XXXXEMLWLLMALKILLAXXXX 

XXXXXEMLWLLMATKLLAXXXXX 

XXXXXXEMLWLLMALKLLAXXXXXX 

XXXXXXXEMLWLLMALKLLAXXXXXXX 

XXXXXXXXEMLWLLMALKLLAXXXXXXXX 

XXXXXXXXXEMLWLLMALKLLAXXXXXXXXX 

XXXXXXXXXXEMLWLLMALKILLAXXXXXXXXXX 

XXXXXXXXXXXEMLWLLMATKLLAXXXXXXXXXXX 

XXXXXXXXXXXXEMLWLLMALKLLAXXXXXXXXXXXX 

XXXXXXXXXXXXXEMLWLLMALKLLAXXXXXXXXXXXXX 

XXXXXXXXXXXXXXEMLWLLMALKILLAXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXEMLWLLMALKILLAXXXXXXXXXXXXXXX 

0103) Peptides included within the scope of the invention 
include peptides from about 5 to about 45 amino acids. Thus, 
within the Scope of the invention are peptides of 5, 6, 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 
25, 26, 27, 28, 29, 30, 31, 32,33, 34,35,36, 37,38, 39, 40, 
41, 42, 43, 44, and 45 amino acids in length. In one 
embodiment, peptides of the invention consist of about 10 to 
about 20 amino acids. In another embodiment, peptides of 
the invention consist of about 10 to about 15 amino acids. 
All longer and shorter peptides are within the Scope of the 
Subject invention as long as the longer or Shorter peptide 
retains Substantially the same activity in blocking or inhib 
iting autophosphorylation of a protein kinase as the peptides 
exemplified herein. The Subject invention also concerns 
polypeptides that comprise a peptide Sequence of the present 
invention, or a fragment or variant of that Sequence, and that 
are able to block autophosphorylation of protein kinases, 
Such as JAK2 and EGFR. 

0104 Peptides having substitution of amino acids other 
than those specifically exemplified in the Subject peptides 
are also contemplated within the Scope of the present 
invention. For example, non-natural amino acids can be 
Substituted for the amino acids of a peptide of the invention, 
So long as the peptide having Substituted amino acids retains 
Substantially the same autophosphorylation inhibiting activ 
ity as the peptide in which amino acids have not been 
Substituted. Examples of non-natural amino acids include, 
but are not limited to, Ornithine, citrulline, hydroxyproline, 
homoserine, phenylglycine, taurine, iodotyrosine, 2,4-di 
aminobutyric acid, C.-amino isobutyric acid, 4-aminobutyric 
acid, 2-amino butyric acid, Y-aminobutyric acid, e-amino 
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hexanoic acid, 6-amino hexanoic acid, 2-amino isobutyric 
acid, 3-amino propionic acid, norleucine, norvaline, Sar 
cosine, homocitruline, cysteic acid, T-butylglycine, t-buty 
lalanine, phenylglycine, cyclohexylalanine, B-alanine, 
fluoro-amino acids, designer amino acids Such as B-methyl 
amino acids, C-methyl amino acids, N-methyl amino acids, 
and amino acid analogues in general. Non-natural amino 
acids also include amino acids having derivatized side 
groups. Furthermore, any of the amino acids in the protein 
can be of the D (dextrorotary) form or L (levorotary) form. 
0105 Amino acids can be generally categorized in the 
following classes: non-polar, uncharged polar, basic, and 
acidic. Conservative Substitutions whereby a peptide having 
an amino acid of one class is replaced with another amino 
acid of the same class fall within the Scope of the Subject 
invention So long as the peptide having the Substitution Still 
retains Substantially the Same biological activity as a peptide 
that does not have the Substitution. Table 1 below provides 
a listing of examples of amino acids belonging to each class. 

TABLE 1. 

Class of Amino Acid Examples of Amino Acids 

Nonpolar Ala Wall Leu, Ile Pro Met 
Phe, Trp 

Uncharged Polar Gly, Ser Thr, Cys, Tyr, Asn 
Glin 

Acidic Asp, Glu 

Basic Lys Arg, His 

0106 Single letter amino acid abbreviations are defined 
in Table 2. 

TABLE 2 

Letter Symbol Amino Acid 

Alanine 
Asparagine or aspartic acid 

Cysteine 
Aspartic Acid 
Glutamic Acid 
Phenylalanine 

Glycine 
Histidine 
Isoleucine 
Lysine 
Leucine 

Methionine 
Asparagine 

Proline 
Glutamine 
Arginine 
Serine 

Threonine 
Valine 

Tryptophan 
Tyrosine 

Glutamine or glutamic acid 

0107 The peptides of the present invention can be for 
mulated into pharmaceutically-acceptable Salt forms. Phar 
maceutically-acceptable Salt forms include the acid addition 
Salts and include hydrochloric, hydrobromic, nitric, phos 
phoric, carbonic, Sulphuric, and organic acids like acetic, 
propionic, benzoic, Succinic, fumaric, mandelic, Oxalic, cit 
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ric, tartaric, maleic, and the like. Pharmaceutically-accept 
able base addition Salts include Sodium, potassium, calcium, 
ammonium, and magnesium Salts. Pharmaceutically-accept 
able Salts of the peptides of the invention can be prepared 
using conventional techniques. 
0108. The subject invention also concerns polynucle 
otides that encode the peptides of the invention. Methods 
and materials for Synthesizing and preparing a polynucle 
otide encoding a peptide of the invention are well known in 
the art. Because of the degeneracy of the genetic code, a 
variety of different polynucleotide Sequences can encode a 
peptide of the present invention. In addition, it is well within 
the skill of a person trained in the art to create alternative 
polynucleotide Sequences encoding the Same, or essentially 
the same, peptides of the Subject invention. These variant or 
alternative polynucleotide Sequences, and the peptides 
encoded thereby, are within the Scope of the Subject inven 
tion. AS used herein, references to “essentially the Same' 
Sequence refers to Sequences which encode amino acid 
Substitutions, deletions, additions, and/or insertions which 
do not materially alter the functional activity of the peptide 
encoded by the polynucleotides of the present invention. 
Variant peptides having amino acid Substitutions, deletions, 
additions, and/or insertions which do not materially alter the 
functional activity of the peptide to block or inhibit auto 
phosphorylation can also be prepared using Standard tech 
niques known in the art, and Such variant peptides are 
encompassed within the Scope of the present invention. 
Polynucleotide Sequences encoding a peptide of the inven 
tion can be Selected based on preferred codon usage of the 
animal in which it is to be administered. For example, if the 
peptide is to be administered to a human, the polynucleotide 
Sequence can be Selected for preferred codon usage in 
human cells. 

0109 The subject invention also concerns polynucleotide 
expression constructs that comprise a polynucleotide of the 
present invention comprising a nucleotide Sequence encod 
ing a peptide of the present invention. In one embodiment, 
the polynucleotide encodes a peptide comprising the amino 
acid sequence shown in SEQ ID NO. 1, or a fragment or 
variant thereof that can bind to an autophosphorylation site 
of a protein kinase, such as a JAK or EFGR, and inhibit 
autophosphorylation of the kinase. 
0110. As used herein, the term “expression construct” 
refers to a combination of nucleic acid Sequences that 
provides for transcription of an operably linked nucleic acid 
Sequence. AS used herein, the term “operably linked’ refers 
to a juxtaposition of the components described wherein the 
components are in a relationship that permits them to 
function in their intended manner. In general, operably 
linked components are in contiguous relation. 
0111 Expression constructs of the invention will also 
generally include regulatory elements that are functional in 
the intended host cell in which the expression construct is to 
be expressed. Thus, a perSon of ordinary skill in the art can 
Select regulatory elements for use in, for example, bacterial 
host cells, yeast host cells, plant host cells, insect host cells, 
mammalian host cells, and human host cells. Regulatory 
elements include promoters, transcription termination 
Sequences, translation termination Sequences, enhancers, 
and polyadenylation elements. 
0112 An expression construct of the invention can com 
prise a promoter Sequence operably linked to a polynucle 
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otide Sequence encoding a peptide of the invention. Promot 
erS can be incorporated into a polynucleotide using Standard 
techniques known in the art. Multiple copies of promoters or 
multiple promoters can be used in an expression construct of 
the invention. In a preferred embodiment, a promoter can be 
positioned about the same distance from the transcription 
Start Site as it is from the transcription Start Site in its natural 
genetic environment. Some variation in this distance is 
permitted without Substantial decrease in promoter activity. 
A transcription Start Site is typically included in the expres 
Sion construct. 

0113 For expression in animal cells, an expression con 
Struct of the invention can comprise Suitable promoters that 
can drive transcription of the polynucleotide Sequence. If the 
cells are mammalian cells, then promoterS Such as, for 
example, actin promoter, metallothionein promoter, NF 
kappaB promoter, EGR promoter, SRE promoter, IL-2 pro 
moter, NFAT promoter, osteocalcin promoter, SV40 early 
promoter and SV40 late promoter, Lck promoter, BMP5 
promoter, TRP-1 promoter, murine mammary tumor virus 
long terminal repeat promoter, STAT promoter, or an immu 
noglobulin promoter can be used in the expression construct. 
The baculovirus polyhedrin promoter can be used with an 
expression construct of the invention for expression in insect 
cells. Promoters Suitable for use with an expression con 
Struct of the invention in yeast cells include, but are not 
limited to, 3-phosphoglycerate kinase promoter, glyceralde 
hyde-3-phosphate dehydrogenase promoter, metallothionein 
promoter, alcohol dehydrogenase-2 promoter, and hexoki 
nase promoter. 

0114 For expression in prokaryotic Systems, an expres 
Sion construct of the invention can comprise promoterS Such 
as, for example, alkaline phosphatase promoter, tryptophan 
(trp) promoter, lambda P. promoter, B-lactamase promoter, 
lactose promoter, phoA promoter, T3 promoter, T7 pro 
moter, or tac promoter (de Boer et al., 1983). 
0115 If the expression construct is to be provided in a 
plant cell, plant Viral promoters, Such as, for example, the 
cauliflower mosaic virus (CaMV) 35S (including the 
enhanced CaMV 35S promoter (see, for example U.S. Pat. 
No. 5,106,739)) or 19S promoter can be used. Plant pro 
moterS Such as prolifera promoter, Ap3 promoter, heat shock 
promoters, T-DNA 1'- or 2'-promotor of A. tuma faciens, 
polygalacturonase promoter, chalcone Synthase A (CHS-A) 
promoter from petunia, tobacco PR-1a promoter, ubiquitin 
promoter, actin promoter, alcA gene promoter, pin2 pro 
moter (Xu et al., 1993), maize WipI promoter, maize trp A 
gene promoter (U.S. Pat. No. 5,625,136), maize CDPK gene 
promoter, and RUBISCO SSU promoter (U.S. Pat. No. 
5,034.322) can also be used. Seed-specific promoters such 
as the promoter from a f-phaseolin gene (of kidney bean) or 
a glycinin gene (of Soybean), and others, can also be used. 
Constitutive promoters (Such as the CaMV, ubiquitin, actin, 
or NOS promoter), tissue-specific promoters (such as the E8 
promoter from tomato), developmentally-regulated promot 
ers, and inducible promoters (Such as those promoters than 
can be induced by heat, light, hormones, or chemicals) are 
contemplated for use with the polynucleotides of the inven 
tion. 

0116 Expression constructs of the invention may option 
ally contain a transcription termination Sequence, a transla 
tion termination Sequence, Signal peptide Sequence, and/or 
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enhancer elements. Transcription termination regions can 
typically be obtained from the 3' untranslated region of a 
eukaryotic or viral gene Sequence. Transcription termination 
Sequences can be positioned downstream of a coding 
Sequence to provide for efficient termination. Signal pep 
tides are a group of Short amino terminal Sequences that 
encode information responsible for the relocation of an 
operably linked peptide to a wide range of post-translational 
cellular destinations, ranging from a specific organelle com 
partment to Sites of protein action and the extracellular 
environment. Targeting a peptide to an intended cellular 
and/or extracellular destination through the use of operably 
linked Signal peptide Sequence is contemplated for use with 
the peptides of the invention. Chemical enhancers are cis 
acting elements that increase gene transcription and can also 
be included in the expression construct. Chemical enhancer 
elements are known in the art, and include, but are not 
limited to, the CaMV 35S enhancer element, cytomegalovi 
rus (CMV) early promoter enhancer element, and the SV40 
enhancer element. DNA sequences which direct polyadeny 
lation of the mRNA encoded by the structural gene can also 
be included in the expression construct. 
0117 Unique restriction enzyme sites can be included at 
the 5' and 3' ends of the expression construct to allow for 
insertion into a polynucleotide vector. AS used herein, the 
term “vector” refers to any genetic element, including for 
example, plasmids, cosmids, chromosomes, phage, Virus, 
and the like, which is capable of replication when associated 
with proper control elements and which can transfer poly 
nucleotide Sequences between cells. Vectors contain a nucle 
otide Sequence that permits the vector to replicate in a 
Selected host cell. A number of vectors are available for 
expression and/or cloning, and include, but are not limited 
to, pBR322, puC series, M13 series, and pBLUESCRIPT 
vectors (Stratagene, La Jolla, Calif.). 
0118 Polynucleotides, vectors, and expression constructs 
of the subject invention can be introduced into a cell by 
methods known in the art. Such methods include transfec 
tion, microinjection, electroporation, lipofection, cell fusion, 
calcium phosphate precipitation, and by biolistic methods. 
In one embodiment, a polynucleotide or expression con 
struct of the invention can be introduced in vivo via a viral 
vector Such as adeno-associated virus (AAV), herpes sim 
plex virus (HSV), papillomavirus, adenovirus, and Epstein 
Barr virus (EBV). Attenuated or defective forms of viral 
vectors that can be used with the Subject invention are 
known in the art. Typically, defective virus is not capable of 
infection after the virus is introduced into a cell. Polynucle 
otides, vectors, and expression constructs of the invention 
can also be introduced in vivo via lipofection (DNA trans 
fection via liposomes prepared from Synthetic cationic lip 
ids) (Felgner et al., 1987). Synthetic cationic lipids (LIPO 
FECTIN, Invitrogen Corp., La Jolla, Calif.) can be used to 
prepare liposomes to encapsulate a polynucleotide, vector, 
or expression construct of the invention. A polynucleotide, 
vector, or expression construct of the invention can also be 
introduced in vivo as naked DNA using methods known in 
the art, Such as transfection, microinjection, electroporation, 
calcium phosphate precipitation, and by biolistic methods. 
0119 Polynucleotides and peptides of the subject inven 
tion can also be defined in terms of more particular identity 
and/or similarity ranges with those exemplified herein. The 
Sequence identity will typically be greater than 60%, pref 
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erably greater than 75%, more preferably greater than 80%, 
even more preferably greater than 90%, and can be greater 
than 95%. The identity and/or similarity of a sequence can 
be 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 
64, 65, 66, 67, 68, 69, 70, 71, 72, 73,74, 75, 76, 77, 78,79, 
80, 81, 82, 83, 84, 85, 86, 87, 88, 89,90,91, 92,93, 94, 95, 
96, 97,98, or 99% as compared to a sequence exemplified 
herein. Unless otherwise Specified, as used herein percent 
Sequence identity and/or similarity of two Sequences can be 
determined using the algorithm of Karlin and Altschul 
(1990), modified as in Karlin and Altschul (1993). Such an 
algorithm is incorporated into the NBLAST and XBLAST 
programs of Altschul et al. (1990). BLAST searches can be 
performed with the NBLAST program, score=100, 
Wordlength=12, to obtain Sequences with the desired percent 
Sequence identity. To obtain gapped alignments for com 
parison purposes, Gapped BLAST can be used as described 
in Altschuletal. (1997). When utilizing BLAST and Gapped 
BLAST programs, the default parameters of the respective 
programs (NBLAST and XBLAST) can be used. See NCBI/ 
NIH website. 

0120) The subject invention also contemplates those 
polynucleotide molecules having Sequences which are Suf 
ficiently homologous with the polynucleotide Sequences 
exemplified herein so as to permit hybridization with that 
Sequence under Standard Stringent conditions and Standard 
methods (Maniatis, T. et al., 1982). As used herein, “strin 
gent' conditions for hybridization refers to conditions 
wherein hybridization is typically carried out overnight at 
20-25 C below the melting temperature (Tm) of the DNA 
hybrid in 6x SSPE, 5x Denhardt's solution, 0.1% SDS, 0.1 
mg/ml denatured DNA. The melting temperature is 
described by the following formula (Beltz, G. A. et al., 
1983): 

Tm=81.5 C+16.6 Log Na++0.41(% G+C)-0.61(% 
formamide)-600/length of duplex in base pairs. 

0121 Washes are typically carried out as follows: 

0122 (1) Twice at room temperature for 15 minutes 
in 1x SSPE, 0.1% SDS (low stringency wash). 

0123 (2) Once at Tm-20 C. for 15 minutes in 0.2x 
SSPE, 0.1% SDS (moderate stringency wash). 

0.124. As used herein, the terms “nucleic acid” and “poly 
nucleotide Sequence” refer to a deoxyribonucleotide or 
ribonucleotide polymer in either Single- or double-Stranded 
form, and unless otherwise limited, would encompass 
known analogs of natural nucleotides that can function in a 
Similar manner as naturally-occurring nucleotides. The poly 
nucleotide Sequences include both the DNA Strand Sequence 
that is transcribed into RNA and the RNA sequence that is 
translated into protein. The polynucleotide Sequences 
include both full-length Sequences as well as shorter 
Sequences derived from the full-length Sequences. It is 
understood that a particular polynucleotide Sequence 
includes the degenerate codons of the native Sequence or 
Sequences which may be introduced to provide codon pref 
erence in a specific host cell. The polynucleotide Sequences 
falling within the scope of the subject invention further 
include Sequences which Specifically hybridize with the 
exemplified Sequences. The polynucleotide includes both 
the Sense and antisense Strands as either individual Strands or 
in the duplex. 
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0.125 The subject invention also concerns non-peptide 
compounds (peptidomimetics) that mimic the function of 
peptides of the present invention. Methods for preparing 
peptidomimetics based on Structural features of the amino 
acid Sequence of a peptide that pertain to functional or 
binding properties are known in the art. 
0.126 The subject invention also concerns antibodies that 
bind to and block an autophosphorylation site on a protein 
kinase, Such as a tyrosine kinase. In a specific embodiment, 
this autophosphorylation site is on a human JAK or EGFR 
polypeptide. In one embodiment, an antibody of the inven 
tion binds to an autophosphorylation Site comprising the 
sequence LPQDKEYYKVKEP (SEQ ID NO. 2), or a frag 
ment or variant thereof. Antibodies contemplated within the 
Scope of the invention include both polyclonal and mono 
clonal antibodies. Preferably, the antibody is a monoclonal 
antibody, or an antigen binding fragment thereof. Antigen 
binding fragments include, but are not limited to, F(ab'), 
Fab', Fab, and FV, and can be prepared using Standard 
methods known in the art. The antibody can be derived from 
any animal capable of producing antibodies to an autophos 
phorylation epitope, and include, for example, primate, 
mouse, rat, goat, sheep, pig, and cow. Preferably, if the 
antibody is to be administered to humans, the antibody is a 
human antibody or is a “humanized' antibody derived from 
a non-human animal. Methods for humanizing non-human 
antibodies are known in the art and have been described in 
U.S. Pat. Nos. 5,530,101; 5,585,089; 5,693,762; 6,180,370; 
and 6,407,213. Antibodies of the invention can be prepared 
using Standard techniques known in the art. In one embodi 
ment, antibodies are prepared by immunizing an animal with 
a tyrosine kinase comprising an autophosphorylation site, or 
an immunogenic fragment thereof. Preferably, the tyrosine 
kinase is a JAK or EGFR tyrosine kinase. In one embodi 
ment, antibodies are prepared by immunizing an animal with 
a peptide or polypeptide comprising the Sequence LPOD 
KEYYKVKEP (SEQ ID NO. 2). Means for increasing 
immunogenicity of a peptide used to induce antibodies, Such 
as conjugating it to a carrier moiety, Such as keyhole limpet 
hemocyanin (KLH), ovalbumin, or albumin, are known in 
the art. Monoclonal antibodies can be prepared using Stan 
dard methods known in the art (Kohler et al., 1975). 
0127. The subject invention also concerns methods for 
inhibiting the function and/or growth and replication of a 
cell that is expressing a protein kinase, and in particular, a 
tyrosine kinase polypeptide, Such as a JAK or an EGFR 
tyrosine kinase, and whose function and/or activity is depen 
dent upon the ability of the tyrosine kinase to autophospho 
rylate itself. The tyrosine kinase can be, for example, JAK2, 
erbB-1, erbB-2, erbB-3, or erbB-4. In one embodiment, the 
method comprises contacting a cell with a peptide, poly 
nucleotide, peptidomimetic, and/or antibody of the inven 
tion. Peptides, polynucleotides, peptidomimetics, and/or 
antibodies of the invention can be delivered to a cell either 
through direct contact of peptide with the cell or via a carrier 
means. Carrier means for delivering compositions to cells 
are known in the art and include encapsulating the compo 
Sition in a lipoSome moiety, and attaching the peptide or 
antibody to a protein or nucleic acid that is targeted for 
delivery to the target cell. Published U.S. patent application 
Ser. Nos. 20030032594 and 2002012O100 disclose amino 
acid Sequences that can be coupled to another peptide, 
protein, or nucleic acid and that allows the peptide, protein, 
or nucleic acid to be translocated acroSS biological mem 
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branes. Published U.S. patent application Ser. No. 
20020035243 also describes compositions for transporting 
biological moieties, Such as peptides and proteins acroSS cell 
membranes for intracellular delivery. Peptides can also be 
delivered using a polynucleotide that encodes a Subject 
peptide. The polynucleotide is delivered to the cell where it 
is taken up and the polynucleotide is transcribed into RNA 
and the RNA is translated into the encoded peptide. 
0128. The subject invention also concerns methods for 
treating autoimmune, inflammatory or oncological disorders 
in a patient wherein the inflammatory or oncological disor 
der is associated with the expression of a protein kinase, and 
in particular, a tyrosine kinase, Such as a JAK tyrosine kinase 
or an EGFR, whose function and/or activity is dependent 
upon the ability of the tyrosine kinase to autophosphorylate 
itself. The tyrosine kinase can be, for example, JAK2, 
erbB-1, erbB-2, erbB-3, or erbB-4, or the equivalent thereof 
in a particular animal Species. In one embodiment, an 
effective amount of a peptide, polynucleotide, peptidomi 
metic, or antibody of the present invention is administered 
to a patient having an autoimmune, inflammatory or onco 
logical disorder and who is in need of treatment thereof. The 
patient can be a human or other mammal, Such as a dog, cat, 
or horse, or other animals having the inflammatory or 
oncological disorder. Means for administering and formu 
lating peptides, polynucleotides, peptidomimetics, and anti 
bodies for administration to a patient are known in the art, 
examples of which are described herein. Peptides can also be 
delivered using a polynucleotide that encodes a Subject 
peptide. Any polynucleotide having a nucleotide Sequence 
that encodes a peptide of the invention is contemplated 
within the scope of the invention. The polynucleotide is 
delivered to the cell where it is taken up and the polynucle 
otide is transcribed into RNA and the RNA is translated into 
the encoded peptide. Autoimmune and inflammatory disor 
derS associated with the expression of an autophosphorylat 
ing tyrosine kinase include arthritis, multiple Sclerosis, 
lupus, Crohn's disease, diabetes, graft rejection, and related 
neurological and inflammatory connective tissue diseases 
(e.g., Sjögren's Syndrome). Specifically contemplated 
within the Scope of the present invention is treatment and/or 
prevention of cardiovascular disease and disorders, Such as 
coronary heart disease, that are associated with the presence 
of an inflammatory condition. Oncological disorders asso 
ciated with the expression of an autophosphorylating 
tyrosine kinase include cancer and/or tumors of the breast, 
kidney, mouth, larynx, esophagus, Stomach, colon, ovary, 
lung, bladder, Skin, muscle, pancreas, prostate, blood cells, 
and brain. Brain tumors contemplated for treatment within 
the Scope of the invention include glioblastomas. An onco 
logical disorder Specifically contemplated within the Scope 
of the present methods is leukemia. In one embodiment, the 
leukemia is a type associated with chromosomal rearrange 
ments that deregulate and/or result in constitutively active 
autophosphorylation of a protein kinase. 
0129. For the treatment of oncological disorders, the 
peptides, peptidomimetics, and antibodies of this invention 
can be administered to a patient in need of treatment in 
combination with other antitumor Substances or with radia 
tion therapy or with Surgical treatment to remove a tumor. 
These other Substances or radiation treatments may be given 
at the Same or different times as the peptides, polynucle 
otides, peptidomimetics, and antibodies of this invention. 
For example, the peptides, polynucleotides, peptidomimet 
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ics, and antibodies of the present invention can be used in 
combination with mitotic inhibitors Such as taxol or vin 
blastine, alkylating agents Such as cisplatin, cyclophosamide 
or ifosfamide, antimetabolites Such as 5-fluorouracil or 
hydroxyurea, DNA intercalatorS Such as adriamycin or bleo 
mycin, topoisomerase inhibitorS Such as etoposide or camp 
tothecin, antiangiogenic agents. Such as angiostatin, anties 
trogens Such as tamoxifen, and/or other drugs or antibodies 
that inhibit functions of tyrosine kinases, Such as, for 
example, GLEEVEC and HERCEPTIN, respectively. 
0130. In one embodiment, one or more of the peptides of 
the subject invention can be provided in the form of a 
multiple peptide construct. Such a construct can be designed 
So that multiple peptides are linked to each other by inter 
vening moieties wherein the intervening moieties are Sub 
Sequently cleaved or removed following administration of 
the multiple peptide construct to a patient. Methods for 
constructing multiple peptide constructs are known in the 
art. For example, peptides of the present invention can be 
provided in the form of a multiple antigenic peptide (MAP) 
construct. The preparation of MAP constructs has been 
described in Tam (1988). MAP constructs utilize a core 
matrix of lysine residues onto which multiple copies of an 
immunogen are Synthesized. Multiple MAP constructs, each 
containing different peptides, can be prepared and adminis 
tered in accordance with methods of the present invention. 
In another embodiment, a multiple peptide construct can be 
prepared by preparing the Subject peptides having at least 
one metal chelating amino acid incorporated therein, pref 
erably at the amino and/or carboxy terminal of the peptide 
as described, for example, in U.S. Pat. No. 5,763,585. The 
peptides are then contacted with a Solid Support having 
attached thereto a metal ion specific for the metal chelating 
amino acid of the peptide. A multiple peptide construct of 
the invention can provide multiple copies of the exact same 
peptide, including variants or fragments of a Subject peptide, 
or copies of different peptides of the Subject invention. 
0131 Therapeutic application of the subject peptides, 
polynucleotides, peptidomimetics, and antibodies, and com 
positions containing them, can be accomplished by any 
Suitable therapeutic method and technique presently or pro 
Spectively known to those skilled in the art. The peptides, 
polynucleotides, peptidomimetics, and antibodies can be 
administered by any Suitable route known in the art includ 
ing, for example, oral, nasal, rectal, parenteral, Subcutane 
ous, or intravenous routes of administration. Administration 
of the peptides, polynucleotides, peptidomimetics, and anti 
bodies of the invention can be continuous or at distinct 
intervals as can be readily determined by a perSon Skilled in 
the art. 

0132) Compounds and compositions useful in the subject 
invention can be formulated according to known methods 
for preparing pharmaceutically useful compositions. Formu 
lations are described in detail in a number of Sources which 
are well known and readily available to those skilled in the 
art. For example, Remington's Pharmaceutical Science by 
E. W. Martin describes formulations which can be used in 
connection with the Subject invention. In general, the com 
positions of the subject invention will be formulated such 
that an effective amount of the bioactive peptide, antibody, 
or peptidomimetic is combined with a Suitable carrier in 
order to facilitate effective administration of the composi 
tion. The compositions used in the present methods can also 
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be in a variety of forms. These include, for example, Solid, 
Semi-Solid, and liquid dosage forms, Such as tablets, pills, 
powders, liquid Solutions or Suspension, Suppositories, 
injectable and infusible Solutions, and SprayS. The preferred 
form depends on the intended mode of administration and 
therapeutic application. The compositions also preferably 
include conventional pharmaceutically acceptable carriers 
and diluents which are known to those skilled in the art. 
Examples of carriers or diluents for use with the Subject 
peptidomimetics include, but are not limited to, water, 
Saline, oils including mineral oil, ethanol, dimethyl Sulfox 
ide, gelatin, cyclodextrans, magnesium Stearate, dextrose, 
cellulose, Sugars, calcium carbonate, glycerol, alumina, 
Starch, and equivalent carriers and diluents, or mixtures of 
any of these. Formulations of the peptide, antibody, or 
peptidomimetic of the invention can also comprise Suspen 
Sion agents, protectants, lubricants, buffers, preservatives, 
and stabilizers. To provide for the administration of Such 
dosages for the desired therapeutic treatment, pharmaceuti 
cal compositions of the invention will advantageously com 
prise between about 0.1% and 45%, and especially, 1 and 
15% by weight of the total of one or more of the peptide, 
antibody, or peptidomimetic based on the weight of the total 
composition including carrier or diluent. 

0133. The compounds and molecules of the subject 
invention can also be administered utilizing liposome tech 
nology, slow release capsules, implantable pumps, and bio 
degradable containers. These delivery methods can, advan 
tageously, provide a uniform dosage over an extended period 
of time. 

0134) The subject peptides and antibodies can also be 
modified by the addition of chemical groups, such as PEG 
(polyethylene glycol). PEGylated peptides typically gener 
ate less of an immunogenic response and exhibit extended 
half-lives in Vivo in comparison to peptides that are not 
PEGylated when administered in vivo. Methods for PEGy 
lating proteins and peptides known in the art (See, for 
example, U.S. Pat. No. 4,179,337). The subject peptides and 
antibodies can also be modified to improve cell membrane 
permeability. In one embodiment, cell membrane perme 
ability can be improved by attaching a lipophilic moiety, 
Such as a Steroid, to the peptide or antibody. Other groups 
known in the art can be linked to peptides and antibodies of 
the present invention. 

0.135 The subject invention also concerns a packaged 
dosage formulation comprising in one or more containers at 
least one peptide, polynucleotide, peptidomimetic, or anti 
body of the Subject invention formulated in a pharmaceuti 
cally acceptable dosage. The package can contain discrete 
quantities of the dosage formulation, Such as tablet, cap 
Sules, lozenge, and powders. The quantity of peptide, poly 
nucleotide, peptidomimetic, and/or antibody in a dosage 
formulation and that can be administered to a patient can 
vary from about 1 mg to about 2000 mg, more typically 
about 1 mg to about 500 mg, or about 5 mg to about 250 mg, 
or about 10 mg to about 100 mg. 

0.136 The subject application also concerns methods for 
Screening for compounds that inhibit autophosphorylation 
activity of a tyrosine kinase. In one embodiment, a com 
pound to be tested is contacted with an amino acid Sequence 
comprising a site of autophosphorylation of a tyrosine 
kinase and determining if the test compound binds to the 
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Site. In a specific embodiment, the Site comprises the amino 
acid sequence LPQDKEYYKVKEP (SEQ ID NO. 2). Com 
pounds that inhibit autophosphorylation can be Selected for 
further evaluation. 

0.137 The subject invention also concerns kits compris 
ing in one or more containers a composition, compound, or 
molecule of the present invention. In one embodiment, a kit 
contains a peptide, polynucleotide, peptidomimetic, and/or 
antibody of the present invention. In a Specific embodiment, 
a kit comprises a peptide having the amino acid Sequence 
shown in SEQ ID NO. 1, SEQ ID NO. 37, or SEO ID NO. 
72, or a fragment or variant of the peptide that can bind to 
an autophosphorylation site of a protein kinase, Such as 
JAK2 or EGFR, and thereby inhibit autophosphorylation of 
the protein kinase. In a more Specific embodiment, a kit 
comprises a peptide consisting of the amino acid Sequence 
shown in SEQ ID NO. 1, SEQ ID NO. 37, or SEO ID NO. 
72. 

0.138. The subject invention also concerns methods for 
preparing a peptide, polynucleotide or antibody of the inven 
tion. In one embodiment, a peptide or polynucleotide of the 
invention is chemically Synthesized using Standard methods. 
In another embodiment, a peptide or antibody of the inven 
tion is prepared by expressing a polynucleotide encoding the 
peptide or antibody either in vitro or in vivo and then 
isolating the expressed peptide or antibody. 

0.139. The subject invention also concerns methods for 
negatively regulating Signaling pathways mediated by 
cytokine binding comprising administering to an animal or 
contacting a cell with an effective amount of a peptide, 
polynucleotide, peptidomimetic and/or antibody of the 
present invention. In one embodiment, the cytokine is IFN-Y. 
In one embodiment, the Signaling pathway comprises intra 
cellular STAT1C, which is activated by phosphorylation of 
STAT1C. The compounds and molecules of the invention 
can be used to inhibit phosphorylation of STAT1C. 
0140 All patents, patent applications, provisional appli 
cations, and publications referred to or cited herein are 
incorporated by reference in their entirety, including all 
figures and tables, to the extent they are not inconsistent with 
the explicit teachings of this specification. 

Materials and Methods 

0141 Cell culture and virus: All cell lines were from 
American Type Culture Collection (ATCC, Manassas, Va.). 
WEHI-3 murine macrophages were maintained in Dulbec 
co's modified Eagle's medium (DMEM, Sigma, St. Louis, 
Mo.) supplemented with 10% fetal bovine serum (Hyclone, 
Logan, Conn.), 100 units/ml penicillin, 100 ug/ml Strepto 
mycin, and 0.05 M B-mercaptoethanol. WISH human fibro 
blast cells were maintained in Eagles minimum essential 
medium (EMEM, JHR Biosciences, Lenexa, Kans.) Supple 
mented with 10% fetal bovine serum, 100 units/ml penicil 
lin, and 100 ug/ml Streptomycin (complete media) in 6-well 
tissue culture plates at 37 C. in a 5% CO2 atmosphere. 
Bovine aortic endothelial cells (BAECs) were generously 
provided by Dr. Richard J. Johnson and Dr. Takahiko 
Nakagawa of the Division of Nephrology, College of Medi 
cine, University of Florida. BAEC culture reagents were 
purchased from Cambrex (Walkersville, Md.). BAECs were 
cultured according to the manufacturer's instructions in 
6-well tissue culture plates at 37 C. in a 5% CO atmo 
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sphere. Starvation media contains EMEM without antibiot 
ics or F12K media Supplemented with 100 units/ml peni 
cillin and 100 lug/ml Streptomycin. Encephalomyocarditis 
virus (EMCV) was obtained from ATCC and stored at -70 
C. until use. 

0.142 Reagents: Recombinant human JAK2 immobilized 
on agarose beads, human EGFR isolated from A431 cells, 
and recombinant human Src were purchased from Upstate 
Biotechnology, Lake Placid, N.Y. The EGFR was supplied 
precomplexed with its ligand, EGF. An assay kit for mea 
Suring Src kinase activity was also purchased from Upstate 
Biotechnology. The assay kit included the Src substrate 
peptide and the Src assay buffer. Recombinant human 
VEGFR (vascular endothelial growth factor receptor) was 
purchased from Calbiochem, San Diego, Calif. Iy-PATP 
was from Amersham BioSciences. 

0.143 Peptides: The peptides used in the current study are 
listed in Table 3, and are synthesized in our laboratory on a 
Perseptive Biosystems 9050 automated peptide synthesizer 
using conventional fluorenylmethyloxycarbonyl (Fmoc) 
chemistry as described previously (Szente et al., 1996). The 
addition of a lipophilic group (palmitoyl-lysine) to the 
N-terminus of a Synthetic peptide was performed as the last 
Step using a Semi-automated protocol as previously 
described. Peptides were characterized by mass spectrom 
etry and purified by high performance liquid chromatogra 
phy (HPLC). Peptides were dissolved in either deionized 
water, or dimethyl Sulfoxide (Sigma, St. Louis, Mo.). 
014.4 Binding assays: For ELISA binding assays Tkip 
and other peptides to be tested were bound to 96-well plates 
in 0.1 M carbonate binding buffer (pH 9.6) at a final 
concentration of 3 tug/well (50 ul). Wells were then washed 
three times with wash buffer containing 0.9% NaCl and 
0.05% tween-20 in PBS and blocked with 2% gelatin and 
0.05% tween-20 in PBS for 1 h at room temperature. Wells 
were then washed three times with wash buffer and incu 
bated with various concentrations of biotinylated JAK2 WT 
peptide and biotinylated P-JAK2 WT peptide for 1 h at room 
temperature in blocking buffer. Following incubation, Wells 
were washed five times with wash buffer to remove any 
unbound biotinylated peptides. Bound biotinylated peptides 
were detected by incubation with a 1:500 dilution of NEU 
TRAVIDIN biotin binding-protein conjugated with horse 
radish peroxidase (Molecular Probes, Eugene, Oreg.) in 
blocking buffer for 1 h at room temperature. Wells were then 
washed five times with wash buffer and developed with a 
solution of o-phenylenediamine (OPD) in stable peroxidase 
buffer (Pierce, Rockford, Ill.). The assay was stopped with 
the addition of 2 MHSO (50 ul) to each well. Absorbance 
was measured using a 450 microplate reader (Bio-rad, 
Hercules, Calif.) at 490 nm. Control experiments were 
carried out as described above in the absence of immobilized 
peptides. 

0145 Peptide competition experiments were conducted 
using peptides derived from the JAK tyrosine kinase family, 
vascular endothelial growth factor receptor (VEGFR), and 
cyclindependent kinase (CDK) to compete with biotinylated 
JAK2 WT peptide for binding to Tkip. Binding of biotiny 
lated JAK2 WT was determined as above, except that 
following Tkip peptide immobilization, Washing, and block 
ing in blocking buffer for 1 hr at room temperature unlabeled 
competitors were added to wells and incubated for 30 min at 



US 2004/0265963 A1 

varying concentrations before biotinylated JAK2 WT pep 
tide was incubated for 1 hr in each well to determine the 
extent of competition with unlabeled peptides. Detection 
and analysis of binding was carried out as described above. 
0146 Immunoblot Analysis: WISH fibroblast cells were 
plated in 6-well plates at a cell density of 3x10 cells/well. 
After overnight incubation with complete culture media, 
WISH cells were incubated in starvation medium for 17 
hours and pretreated with complete culture media or differ 
ent concentrations of Tkip (8 uM or 1 uM) for an additional 
17 hours at 37° C. in a 5% CO (PBL Biomedical Labora 
tories, Piscataway, N.J.) to activate the JAK-STAT pathway. 
Fibroblast cells were washed twice in cold phosphate buff 
ered saline (PBS) to remove media and cell debris. Cell 
lysates were prepared by adding 200 ul of cold lysis buffer 
(50 mM Tris-HCl pH 74), 0.25 M NaCl, 2 mM EGTA, 2 
mM EDTA, 50 mM NaF, 2 mM NaWO, 2 mM DTT, 20 
mM f-glycerophosphate, 1 mM PMSF, 10% glycerol, 10 
tug/ml leupeptin, 10 ug/ml aprotinin, 10 ug/ml pepstatin, 
0.25% sodium deoxycholate, 1% NP-40, and 0.1% SDS) to 
each well. Lysis was allowed to proceed for 1 hr at 4 C. 
(rocking) to ensure complete lysis. Lysates were then cen 
trifuged to remove cell debris and the Supernatant was 
transferred to a fresh microcentrifuge tube. Samples con 
taining lysate, lysis buffer, and Sample buffer were boiled for 
5 min and pulsed centrifuged. Protein lysates were resolved 
by Sodium dodecyl Sulfate-polyacrylamide gel electrophore 
sis (SDS-PAGE) on a 12% polyacrylamide gel (Biorad, 
Richmond, Calif.). Proteins were then transferred to nitro 
cellulose membranes (Amersham BioSciences) overnight at 
low voltage. To reduce nonspecific binding, membranes 
were incubated in blocking buffer containing 5% nonfat dry 
milk in PBS for 1 hr at room temperature and washed in 
wash buffer containing 1% nonfat dry milk and 0.1% 
Tween-20 in PBS (PBST) three times. To detect phospho 
rylated STAT1C, membranes were incubated with antibodies 
to tyrosine-phosphorylated STAT1C. (Cell Signaling Tech 
nologies, Beverly, Mass.) phosphorylated at tyrosine residue 
701 (1:100) in wash buffer overnight with agitation at 4 C. 
After three washes in PBST, membranes were incubated in 
HRP-conjugated goat anti-rabbit IgG Secondary antibodies 
(Santa Cruz, Santa Cruz, Calif.) at a dilution of 1:5000 in 
wash buffer for 1 hr at room temperature. Following three 
washes in wash buffer, membranes were incubated for 1 min 
with enhanced chemiluminescence detection reagents 
(Amersham) and exposed to photographic film to visualize 
protein bands. 
0147 Flow Cytometry: WISH fibroblast cells (2x10) 
were incubated for 48 h with media alone, 25 uM 
MulFNY(95-125) peptide, or lipophilic Tkip (LT) at varying 
concentrations (1 uM, 10 uM, 25 uM) in the presence or 
absence of 5000 units/ml IFN-Y in 6-well culture plates at 
37 C. in a 5% CO atmosphere. Following incubation, cells 
were washed twice with PBS and harvested by trypsiniza 
tion into two sets of 5-ml round bottom polystyrene tubes 
(Fisher, Pittsburgh, Pa.) and washed twice with PBS. For 
cell Surface Staining a direct immunofluorescence protocol 
was employed. Briefly, cells were incubated on ice with a 
100 ul staining solution in PBS of either anti-human MHC 
class I monoclonal antibody conjugated to R-phycoerythrin 
(R-PE, 1:100) or with monoclonal mouse IgG2a antibody 
conjugated to R-PE (1:100) as an isotype control for 1 h at 
room temperature in the absence of light. The fluorescent 
conjugated isotype antibody was used to determine back 
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ground fluorescence by identifying nonspecific binding of 
the monoclonal antibody to WISH cells. The above anti 
bodies were purchased commercially from Ancell Corpora 
tion (Bayport, Minn.). Following incubation, cells were then 
washed three times with PBS to remove unbound antibody 
molecules. WISH fibroblast cells were finally resuspended 
in 500 ul of PBS and analyzed on a FACScan fluorescence 
activated cell sorter (Becton Dickinson, San Jose, Calif.). 
The apparatus was equipped with an argon laser. The red 
fluorescence of R-PE was excited at 488 nm. Cell debris was 
isolated from intact cells by performing forward and Side 
Scatter analysis on each Sample and therefore excluded from 
the analysis. The fluorescence intensity of the negative 
controls were Subtracted from the mean fluorescence for the 
R-PE labeled cells. For each sample 10,000 stained cells 
were examined. Flow cytometry data were analyzed using 
CellOuest analysis software (Becton Dickinson, San Jose, 
Calif.). 
0.148 Immunoprecipitation: Bovine aortic endothelial 
cells were plated at a density of 3x10/well in 6-well plates 
and allowed to incubate for 10 hrs at 37 C. Growth media 
was then removed and replaced with growth media with or 
without peptides at the indicated concentrations overnight at 
37 C. Cells were then treated with serum-free medium 
alone or Serum-free medium containing peptides at the 
indicated concentrations for 2 hrs. BAECs were then incu 
bated in the presence or absence of 50 ng/ml VEGF (Upstate 
Biotechnology, Lake Placid, N.Y.) in serum-free media for 
10 min and lysed with 500 ul lysis buffer. Cells were lysed 
in lysis buffer containing 50 mM Tris-HCl pH 7.4), 0.25 M 
NaCl, 2 mM EGTA, 2 mM EDTA, 50 mM NaF, 2 mM 
NaVO, 2 mM DTT, 20 mM f-glycerophosphate, 1 mM 
PMSF, 10% glycerol, 10 ug/ml leupeptin, 10 ug/ml aproti 
nin, 10 ug/ml pepstatin, 0.25% sodium deoxycholate, 1% 
NP-40, and 0.1% SDS for 1 hr at 4° C. while rotating. 
Lysates were microcentrifuged at 7,000xg at 4 C. for 15 
min to remove cell debris and nuclei. Supernatants were 
transferred to a new microcentrifuge tube and incubated 
with 2 tug/ml anti-VEGFR-2 polyclonal antibody (Santa 
Cruz Biotechnology, Santa Cruz, Calif.) for 2 hrs at 4 C. 
while rotating. Protein G-Sepharose beads (40 uL, 1:1 
Slurry) were added to the Supernatant and allowed to incu 
bate for 1 hr at 4 C. while rotating. Following centrifugation 
to pellet the protein G immune complexes, Supernatant was 
removed and discarded. The immune complexes were Sub 
sequently washed three times with lysis buffer and twice 
with PBS. For SDS-PAGE analysis, immune complexes 
were boiled (100° C) in 35 ul of SDS sample buffer for 5 
min and resolved on a 12% polyacrylamide gel. Following 
transfer to nitrocellulose membranes, membranes were 
blocked, washed, and treated with Specific antibodies to 
detect phosphorylated tyrosine proteins (4G10, Upstate Bio 
technology, Lake Placid, N.Y.) and VEGFR-2 proteins. 
Detection of proteins was accomplished using enhanced 
chemiluminescence protein detection reagents (AmerSham). 
0149 Antiviral Assay: Antiviral activity was determined 
using a Standard Viral cytopathogenic effect assay described 
previously with minor modifications (Familletti et al., 1981). 
Antiviral assays were performed to evaluate the ability of 
Tkip to block antiviral activity mediated by IFN-Y. Briefly, 
WEHI-3 murine macrophage cells (5x10) were incubated 
with either media alone, 2000 U/ml IFN-Y (PBL Biomedical 
Laboratories, Piscataway, N.J.), or both 2000 U/ml IFN-y 
and 10 uM lipophilic Tkip for 24h in 24-well plates (Becton 
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Dickinson Labware, Franklin Lakes, N.J.) at 37° C. in a 5% 
CO atmosphere. Following incubation, WEHI-3 cells were 
washed three times with growth media and infected with 
EMCV for 1 h at 37° C. EMCV was added at a multiplicity 
of infection (MOI) of 0.02. WEHI-3 cells were then washed 
three times to remove viral particles and incubated in fresh 
growth media for an additional 24 h at 37 C. Plates were 
Subsequently blotted dry and stained with 0.1% crystal 
violet solution for 5 min to stain live cells. Unbound crystal 
Violet was aspirated and the plates were thoroughly rinsed 
with deionized water, blotted, and allowed to air dry. Plates 
were then scanned using an Astra 2100U flatbed computer 
scanner (UMAX Technologies, Dallas, Tex.) and analyzed 
using Image.J 1.29 software (NIH) to assess cell survival. 
Percentages of cell Survival were determined by comparing 
experimental treatment groups with the virus only control 
group. Recombinant murine IFN-Y (specific activity 1x107 
U/ml) used in the antiviral assay described above were 
obtained from PBL (Camarillo, Calif.). 
0150. In vitro Kinase Assays: Autophosphorylation activ 
ity of EGFR and VEGFR-1 was measured in a reaction 
mixture containing kinase buffer (20 mM Tris-HCl pH 7.5), 
2 mM dithioreitol, 50 mM potassium chloride, 0.3 mM 
Sodium orthovanadate, 5 mM magnesium chloride, 10 mM 
glycerophosphate, 2 mM EGTA, 1 M manganese chloride), 
Tkip, substrates, and 5 uCi of PY-ATP (specific activity 
6000 Ci/mmol; 1 mCi=37 Mbq) (Amersham Biosciences, 
Piscataway, N.J.). EGFR and VEGFR in vitro kinase assays 
were carried out in 22.5ull reaction volumes containing 10 
tuLTkip, 2.5 uL substrates, and 10 uLPY-ATP incubated 
at 30° C. for 10 min. EGFR (supplied precomplexed with 
EGF) was obtained from Upstate Biotechnology (Lake 
Placid, N.Y.). VEGFR and VEGF were obtained from Cal 
biochem (San Diego, Calif.) and Peprotech (Rocky Hill, 
N.J.), respectively. 
0151. Determination of JAK2 autophosphorylation activ 
ity was performed in reaction mixtures containing recom 
binant human JAK2 immobilized on agarose beads (Upstate 
Biotechnology, Lake Placid, N.Y.), 1 uCi?ul of PY-ATP 
(Amersham BioSciences, Piscataway, N.J.), and either Tkip 
or JAK2 WT peptide incubated in kinase buffer (10 mM 
HEPES pH 7.4), 50 mM sodium chloride, 0.1 mM sodium 
orthovanadate, 5 mM magnesium chloride, 5 mM manga 
nese chloride). JAK2 kinase assays were performed in 35 ul 
reaction volumes containing 10.5 till Tkip, 20 till JAK2 
agarose beads, 1 uL sIFNGR-1, and 3.5 uL 'Py-ATP 
incubated at 30° C. for 30 min with intermittent agitation. It 
was determined in our laboratory that addition of a mouse 
soluble IFNGR-1 subunit dramatically stimulated JAK2 
kinase activity and, hence, was added at 2 tug per reaction. 
EGFR, VEGFR, and JAK2 kinase reactions were terminated 
with the addition of 5 ul 6xSDS sample buffer (0.5 M 
Tris-HCl pH 6.8), 36% glycerol, 10% SDS, 9.3% DTT, 
0.012% bromophenol blue). Incubation of JAK2 agarose 
beads in SDS sample buffer (100° C) was designed to elute 
bound proteins from the agarose beads. The reaction mix 
tures were separated on a 10% SDS polyacrilamide gel. 
Autoradiography was used to determine phosphorylation 
activity. 
0152 Src kinase activity was performed with a Src 
substrate peptide (KVEKIGEGTYGVVYK) (SEQ ID NO. 
73) using a Src kinase assay kit according to the manufac 
turer's specifications (Upstate Biotechnology, Lake Placid, 
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N.Y.) according to the manufacturer's specifications. Briefly, 
Src Substrate peptide was incubated in Src kinase buffer (100 
mM Tris-HCl pH 7.2), 125 mM MgCl, 25 mM MnCl2, 2 
mM EGTA, 0.02 mM NaVO, and 2 mM dithioreitol), 5 
uCi of PPY-ATP (75 mM MnC1,500 uM ATP), recom 
binant human Src (Upstate Biotechnology, Lake Placid, 
N.Y.), and Tkip, JAK2 WT peptide, or in the absence of 
peptide for 10 min at 30° C. Reaction mixtures were spotted 
on P81 phosphocellulose discs (supplied with kit) to bind 
phosphorylated Src Substrate peptide, washed three times for 
5 min with 0.75% phosphoric acid, washed twice with 
acetone for 1 min, and placed in Vials to which 4 ml of 
ScintiVerse(R) (Fisher, Pittsburgh, Pa.) was added. The phos 
phocellulose discS were analyzed using a liquid Scintillation 
counter to measure P-labeled proteins. For comparison 
with Src, JAK2 was also assayed using the Same procedure. 
The assay was Setup as described above for the Src kinase 
assay. However, reactions were incubated in the presence of 
2 mM dithioreitol in the buffer to release JAK2 from the 
agarose beads. Following the appropriate incubation period 
reactions were gently centrifuged. Supernatants were spot 
ted on phosphocellulose discS and processed as above. 
Unless otherwise Stated the peptides used in the kinase 
reactions described above were used at 50 uM. Immunob 
lotting was performed in parallel to determine protein levels 
used in the kinase reactions. Dose response kinase activity 
studies of JAK2 and EGFR were performed as described 
above. 

0153. Following are examples which illustrate proce 
dures for practicing the invention. These examples should 
not be construed as limiting. All percentages are by weight 
and all Solvent mixture proportions are by Volume unless 
otherwise noted. 

EXAMPLE 1. 

Binding of Tkip Peptide to Autophosphorylation 
Peptide Sequence 

0154) The autophosphorylation site of human JAK2 con 
sists of residues LPQDKEYYKVKEP (SEQ ID NO. 2) 
with 'Y as the tyrosine autophosphorylation residue that 
results in activation of JAK2 (Yasukawa et al., 1999). A 
complementary peptide approach was used to develop a 
Short peptide capable of binding to this site (Villain et al., 
2000). The complementarity refers to the hydropathic 
complementarity, which has been shown empirically to 
result in peptide/peptide binding. Recently, an algorithm has 
been developed that specifies the “best” complementarity fit 
(Fassina et al., 1992). The sequences of Several peptides that 
varied in their complementarity to 'LPQDKEYYKVKEP 
(SEQ ID NO. 2) were generated. It was discovered that the 
best complementary fit did not necessarily result in the best 
binding to JAK2 peptide (data not shown). Thus, the best 
binding, which was not the best complementary fit, occurred 
with complementary peptide WLVFFVIFYFFR (SEQ ID 
NO. 1). This peptide was developed by reading the comple 
mentary Strand codons in the JAK2 autophosphorylation site 
in the 5'-3' direction (Blalock et al., 1986). Data on binding 
of WLVFFVIFYFFR (SEQ ID NO. 1) to O'LPQD 
KEYYKVKEP (SEQ ID NO. 2), as determined by ELISA 
are presented in FIG. 1. Peptide Sequences are presented in 
Table 3. 
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TABLE 3 

Amino Acid Sequences of Peptides 

Peptide Sequence 

Tkip WLWFFWIFYFFR 

JAK2 WT 1001 LPQDKEYYKVKEP 

p-JAK2 WT 100 LPQDKEYYKVKEP 

WEGFR 120SSDWRYWNAFKFM 

CDK-2 cyclin box KTEGVPSTAIREISLLKELNH 

MulFN-Y (95-125) AKFEVNNPQVQRQAFNELIRVVHQLLPESSL 

15 

(SEQ 

(SEQ 

(SEQ 

(SEQ 

(SEQ 

(SEQ 
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ID NO. 1) 

ID NO. 2) 

ID NO. 2) 

ID NO. 74) 

ID NO. 75) 

ID NO. 76) 

Peptides were synthesized as described in Materials and Methods. 
Murine IFN-Y sequence is derived from the mature form. Lipophilic 
group and biotinylated modifications were added to the N-terminus of 
the peptide. Tyrosines targeted for phosphorylation are indicated in 
bold. 
Tkip = tyrosine kinase inhibitor peptide, 
JAK2 = Janus Kinase 2, 
WT = wild type, 
p = phosphorylated 
WEGFR vascular endothelial growth factor receptor, 
CDK cyclin dependent kinase. 
The square denotes the phosphotyrosine moiety. The JAK2 WT sequence 
is the same for both mice and humans. 

O155 Biotinylated JAK2 autophosphorylation peptide 
(biotinylated JAK2 WT) was added at different concentra 
tions to Solid-phase complementary peptide, designated 
tyrosine kinase inhibitory peptide Tkip, as well as to Solid 
phase control peptides. These control peptides consisted of 
IFN-y sequence 95-125 (IFN-y95-125) (SEQ ID NO. 76), 
cyclin-dependent kinase, cyclin box peptide 41-61 (CDK 
41-61) (SEQ ID NO. 75), and vascular endothelial growth 
factor receptor autophosphorylation peptide VEGFR 1208 
1222 (SEQ ID NO. 74). As shown in FIG. 1A, JAK2 WT 
peptide bound only to Tkip peptide in a dose-dependent 
manner. Binding to the control peptides was negligible. In 
ELISA competitions, JAK2 WT peptide but neither CDK 
41-61 nor VEGFR 1208-1222, inhibited biotinylated JAK2 
WT peptide binding to Tkip peptide (FIG. 1B). The binding 
data Suggest that the Tkip peptide Specifically recognized 
JAK2 WT. 

EXAMPLE 2 

Peptide Inhibition of Tyrosine Kinase 
Autophosphorylation 

0156 Experiments were conducted to determine whether 
Tkip peptide could inhibit JAK2 autophosphorylation as 
well as phosphorylation of IFN-y receptor subunit IFNGR-1. 
As shown in FIG. 2A, Tkip at 50 uM inhibited both the 
autophosphorylation of JAK2 as well as JAK2 phosphory 
lation of IFNGR-1. A control peptide, JAK2 WT, at the same 
concentration had no effect on JAK2-induced tyrosine phos 
phorylations. Thus, consistent with Tkip binding to JAK2 
WT, it also inhibited JAK2 autophosphorylation as well as 
JAK2 phosphorylation of IFNGR-1. 
O157 Tkip peptide was also tested for its inhibitory 
effects against several other tyrosine kinases. VEGFR is 
involved in the development and growth of the vascular 
endothelial system (Ferrara et al., 2003). As shown in FIG. 

2B, Tkip peptide at 50 uM did not inhibit the autophospho 
rylation of VEGFR, but under the same conditions com 
pletely inhibited JAK2 autophosphorylation as well as JAK2 
phosphorylation of IFNGR-1 (FIG.2F). Thus, compared to 
VEGFR, Tkip shows specificity toward JAK2. 
0158 Tkip peptide was also tested against a nonauto 
phosphorylation tyrosine kinase, c-Src. AS shown in FIG. 
2C, Tkip at 50 uM failed to inhibit c-Src phosphorylation of 
a protein Substrate. By contrast, Tkip significantly blocked 
JAK2 autophosphorylation/IFNGR-1 phosphorylation as 
estimated by greater than 95% inhibition of P incorpora 
tion into JAK2/IFNGR-1 (FIG.2D). Thus, the data on Tkip 
failure to block VEGFR and c-Src tyrosine phosphorylations 
are evidence of specificity of Tkip for inhibition of JAK2 
autophosphorylation via interaction with the JAK2 auto 
phosphorylation site. 

0159 Interaction of Tkip with the JAK2 autophosphory 
lation site and inhibition of JAK2 function raises the ques 
tion of possible functional relationship of Tkip to a group of 
regulators called Suppressors of cytokine Signaling or SOCS. 
SOCS are recently discovered negative regulators of cytok 
ine, growth factors, and hormone signaling (Hanada et al., 
2003; Kile et al., 2002; Alexander 2002; Larsen et al., 2002). 
Currently, there are eight identified members of the SOCS 
family, SOCS-1 to SOCS-7 and CIS. SOCS-1 and SOCS-3 
are the negative regulators of both JAK2 and the epidermal 
growth factor receptor (EGFR) (Hanada et al., 2003; Kile et 
al., 2002, Alexander 2002, Larsen et al., 2002; Xia et aI, 
2002). EGFR autophosphorylation is complex with up to 
five autophosphorylation sites (Wells 1999). Experiments 
were conducted to determine whether Tkip could inhibit 
EGFR tyrosine kinase activity. As shown in FIG. 2E, Tkip 
at 50 uM completely inhibited EGFR autophosphorylation. 
For comparison, Tkip also inhibited JAK2 autophosphory 
lation as well as JAK2 phosphorylation of IFNGR-1 (FIG. 
2F). Thus, Tkip inhibited EGFR autophosphorylation, 



US 2004/0265963 A1 

which is consistent with its specificity for the SOCS-1 and 
SOCS-3 autophosphorylation sites of JAK2 and EGFR. 

EXAMPLE 3 

Tkip Peptide Dose-Dependent Inhibition of JAK2 
and EGFR Autophosphorylation 

0160 Tkip inhibition of JAK2 and EGFR autophospho 
rylation was compared in a dose-response Study. AS shown 
in FIG. 3, Tkip peptide similarly inhibited autophosphory 
lation of JAK2 (FIG. 3A) and EGFR (FIG. 3B) with 25 to 
50 uM significantly blocking JAK2 autophosphorylation 
and 12 to 25 M blocking IFNGR-1 phosphorylation by 
JAK2, while 6 to 12 uM significantly blocked EGFR phos 
phorylation. Thus, the patterns of dose-response inhibition 
of JAK2 and EGFR were similar. It is of interest that Tkip 
inhibited JAK2 phosphorylation of IFNGR-1 at a lower 
concentration than that for JAK2 autophosphorylation itself. 
This Suggests that Tkip can block JAK2 phosphorylation of 
a substrate (IFNGR-1) more effectively than the autophos 
phorylation of JAK2, and that Tkip binds phosphorylated 
JAK2 more effectively than it does unphosphorylated JAK2. 

EXAMPLE 4 

Tkip Peptide Binding to Unphosphorylated Vs. 
Phosphorylated JAK2 WT Peptide 

0161 The binding data of FIG. 1 involved JAK2 WT 
peptide that was not phosphorylated at '7Y. JAK2 WT 
recognition by SOCS-1 has been shown to involve phospho 
'7Y (Kile et al., 2002). Thus, Tkip does not need phos 
phorylation of 'Y in order to bind to JAK2 WT. However, 
the relative binding of Tkip to JAK2 WTunphosphorylated 
versus phosphorylation at 'Y (p-JAK2 WT) was deter 
mined. As shown in FIG. 4, Tkip bound both JAK2 WT and 
p-JAK2 WT in a dose-dependent manner, but binding was 
most efficient to p-JAK2 WT. Fifty percent endpoint con 
centrations were approximately 9-fold lower for p-JAK2 
WT binding versus unphosphorylated JAK2 WT binding. 
Thus, phosphorylation of 'Y enhances Tkip binding to 
the JAK2 autophosphorylation Site. 

EXAMPLE 5 

Tkip Peptide Inhibition of STAT1C. Activation 
0162. It has been firmly established that tyrosine phos 
phorylation of STAT1C. at a specific tyrosine residue (Tyr 
701) is required for the activation, dimerization, nuclear 
translocation, and Subsequent downstream biological effects 
of IFN-Y stimulation (Kotenko et al., 2000). To assess 
whether Tkip could inhibit intracellular STAT1C. activation, 
the effect of Tkip on STAT1C. tyrosine phosphorylation in 
human fibroblast WISH cells was investigated. Cells were 
treated with Lipophilic Tkip and IFN-y as indicated in FIG. 
5A and whole cell lysates were examined using immunoblot 
analysis with antibodies specific for STAT1C. and phospho 
rylated STAT1C. Cells pretreated with 8 uM Tkip for 17 hr 
and subsequently stimulated with 5000 U/ml IFN-Y for 30 
min showed complete abolishment of IFN-Y induced 
STAT1C. tyrosine phosphorylation. Cells pretreated with 1 
luM Tkip and stimulated with IFN-y showed no affect on 
STAT1C. phosphorylation, Suggesting that low concentra 
tions of Tkip are not sufficient to inhibit IFN-Y induced 
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phosphorylation of STAT1C. A lipophilic irrelevant peptide 
(MulFN-Y(95-125), 8 uM) was used to show that the results 
observed were not dependent Solely on the lipophilic modi 
fication of Tkip. Tyrosine phosphorylation of STAT1C. was 
not affected in cells treated with IFN-Y in the absence of 
Tkip. As expected STAT1C. phosphorylation was not 
observed in the absence of IFN-Y treatment. STAT1C. protein 
levels in each treatment group were monitored by reprobing 
the membrane with anti-STAT1C. antibodies. By contrast 
Tkip, under the same conditions, failed to inhibit VEGFR 
activation in bovine aortic endothelial cells as determined by 
autophosphorylation of VEGFR (FIG. 5B). These results 
clearly demonstrate the ability of Tkip to inhibit IFN-y 
mediated intracellular phosphorylation of STAT1C. at the 
level of the cell. 

EXAMPLE 6 

Tkip Peptide Inhibition of IFN-Y Induced Antiviral 
Activity 

0163 Functionally, since Tkip inhibits JAK2 autophos 
phorylation and Subsequent phosphorylation of IFNGR-1, 
and phosphorylation of STAT1C, one would predict that 
Tkip would inhibit IFN-Y induced antiviral activity. WEHI-3 
cells were infected with encephalomyocarditis (EMC) virus 
and the cells protected against EMC virus cytopathogenic 
effects (CPE) with 2000 U/ml mouse IFN-y. Treatment of 
WEHI-3 cells with 10 uM Tkip (lipophilic for cell mem 
brane penetration) along with IFN-Y resulted in approxi 
mately 75% reduction in IFN-Y antiviral activity as per 
increased CPE of EMC virus (FIG. 6). A lipophilic control 
peptide failed to affect IFN-Y antiviral activity, so the lipo 
philic Tkip effect was due to Tkip. Thus, consistent with 
inhibition of JAK2 tyrosine kinase activity, Tkip blocked the 
antiviral effects of IFN-Y. 

EXAMPLE 7 

Tkip Peptide Inhibition of Upregulation of MHC 
Class I Expression 

0164. Another well-established function of IFN-Y is the 
upregulation of MHC class I molecules on cells. Human 
WISH cells were treated with 5000 U/ml of human IFN-y, 
which resulted in over 3-fold increase in MHC class I as per 
FACS analysis (FIG. 7). Lipophilic Tkip at 10 uM or 25uM 
completely blocked upregulation of MHC class I expression, 
and in fact reduced the baseline constitutive expression of 
MHC class I molecules. A control lipophilic peptide (IFN-y 
95-125) had no effect. Thus, in addition to inhibition of 
IFN-Y antiviral activity, Tkip peptide also inhibited IFN-y 
upregulation of MHC class I molecules. The fact that Tkip 
inhibited murine IFN-Y antiviral activity on WEHI cells 
(FIG. 6) and human IFN-Y upregulation of MHC class I 
molecules on human WISH cells (FIG. 7) is consistent with 
the autophosphorylation sites of murine and human JAK2 
(Table 3) consisting of the same amino acid sequence. 

EXAMPLE 8 

Peptide Inhibition of Tyrosine Kinase 
Autophosphorylation 

01.65 Experiments were also conducted to determine 
whether the peptide NGVLFLMIFHFLG (SEQ ID NO. 37) 
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or the peptide EMLVLLMALKLLA (SEQ ID NO. 72) could 
inhibit JAK2 autophosphorylation as well as phosphoryla 
tion of IFN-y receptor subunit IFNGR-1. As shown in FIG. 
8, Tkip peptide at 50 uM inhibited both the autophospho 
rylation of JAK2 as well as JAK2 phosphorylation of 
IFNGR-1. A control peptide, JAK2 WT, at the same con 
centration had no effect on JAK2-induced tyrosine phos 
phorylations. The peptide NGVLFLMIFHFLG (SEQ ID 
NO. 37) did inhibit the JAK2-mediated phosphorylation of 
IFNGR-1 (lane 4 of FIG. 8, middle panel). The peptide 
EMLVLLMALKLLA (SEQ ID NO. 72) inhibited autophos 
phorylation of JAK2 (lane 7 of FIG. 4, upper panel), 
although it was not as effective as the Tkip peptide. 

EXAMPLE 9 

Protection of Mice from Experimental Allergic 
Encephalomyelitis by Tkip Peptide 

0166 NZW mice were immunized with myelin basic 
protein (MBP) (300 ug) emulsified in complete Freund's 
adjuvant for the induction of experimental allergic encepha 
lomyelitis (EAE). Tkip peptide (63 ug/mouse) was admin 
istered to mice every other day Starting the day of immuni 
zation. Phosphate buffered saline (PBS) was used as the 
vehicle of transfer and as the control agent for the treatment 
of the control group. Mice were followed daily for signs of 
EAE and mean Severity of paralysis for each group was 
graded based on the scale presented in the legend of FIG. 9. 
AS shown in FIG. 9, all of the mice in the control group 
came down with EAE (incidence of disease=%), while only 
one out of 5 mice came down with EAE in the Tkip-treated 
group (incidence of disease=/s). Furthermore, the mean 
Severity of disease for the control group (2.1) was twice as 
high as that of the Tkip group (0.8) at its peak. The time of 
onset of disease for the control group and Tkip-treated group 
was similar (24 days post immnunization). Thus, treatment 
of MBP-immunized mice with Tkip peptide protects them 
from the autoimmune disease, EAE. 
0167. It should be understood that the examples and 
embodiments described herein are for illustrative purposes 
only and that various modifications or changes in light 
thereof will be Suggested to perSons skilled in the art and are 
to be included within the spirit and purview of this appli 
cation and the Scope of the appended claims. 
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<21 Oc 
<211 
<212> 
<213> 
<22O > 

SEQ ID NO 1 
LENGTH 12 
TYPE PRT 

ORGANISM: Artificial sequence 
FEATURE 

used according to the present invention 

<400 SEQUENCE: 1 

Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg 
1 5 10 

18 
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feron-gamma peptide'J Interferon Cytokine Res. 
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0208 Tam, J. P. (1988) “Synthetic Peptide Vaccine 
Design: Synthesis and Properties of a High-Density 
Multiple Antigenic Peptide System'Biochemistry 
85:5409-5413. 

0209 Tsygankov, A. Y. (2003) “Non-receptor protein 
tyrosine kinases” Front. Biosci. 8:S595-635. 

0210 Villain, M., P. L. Jackson, M. K. Manion, W. J. 
Dong, Z. Su, G. Fassina, T. M. Johnson, T. T. Sakai, N. 
R. Krishna, J. E. Blalock (2000) “De novo design of 
peptides targeted to the EF hands of calmodulin'J. 
Biol. Chem. 275(4):2676-2685. 

0211 Wells, A. (1999) “EGF receptor'Int. J. Biochem. 
Cell Biol. 31(6):637-643. 

0212 Xia, L., L. Wang, A. S. Chung, S. S. Ivanov, M. 
Y. Ling, A. M. Dragoi, A. Platt, T. M. Gilmer, X. Y. Fu, 
Y. E. Chin (2002) “Identification of both positive and 
negative domains within the epidermal growth factor 
receptor COOH-terminal region for Signal transducer 
and activator of transcription (STAT) activation'J. Biol. 
Chem. 277(34):30716-30723. 

0213 Xu, D., McElroy, D., Thornburg, R. W., Wu, R. 
et al. (1993) “Systemic induction of a potato pin2 
promoter by wounding, methyl jasmonate, and abscisic 
acid in transgenic rice plants' Plant Molecular Biology 
22:573-588. 

0214) Yasukawa, H., H. Misawa, H. Sakamoto, M. 
Masuhara, A. Sasaki, T. Wakioka, S. Ohtsuka, T. Imai 
Zumi, T. Matsuda, J. N. Ihle, A. Yoshimura (1999) “The 
JAK-binding protein JAB inhibits Janus tyrosine 
kinase activity through binding in the activation 
loop"EMBO J. 18(5):1309-1320. 

0215 Yu, Y, Hulmes, J. D., Herley, M. T., Whitney, R. 
G., Crabb, J. W., Sato, J. D. (2001) “Direct identifica 
tion of a major autophosphorylation site on vascular 
endothelial growth factor receptor Flt-1 that mediates 
phosphatidylinositol 3'-kinase binding'Biochem J. 
358(Pt. 2):465-472. 

OTHER INFORMATION: amino acid sequence of a peptide that can be 
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-continued 

<210> SEQ ID NO 2 
&2 11s LENGTH 13 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino acid sequence of a peptide used for 

control purposes 

<400 SEQUENCE: 2 

Leu Pro Glin Asp Lys Glu Tyr Tyr Lys Wall Lys Glu Pro 
1 5 10 

<210> SEQ ID NO 3 
<211& LENGTH: 11 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal deletion of the amino acid 

sequence shown in SEQ ID NO. 1 

<400 SEQUENCE: 3 

Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg 
1 5 10 

<210> SEQ ID NO 4 
&2 11s LENGTH 10 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal deletion of the amino acid 

sequence shown in SEQ ID NO. 1 

<400 SEQUENCE: 4 

Val Phe Phe Val Ile Phe Tyr Phe Phe Arg 
1 5 10 

<210 SEQ ID NO 5 
&2 11s LENGTH 9 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal deletion of the amino acid 

sequence shown in SEQ ID NO. 1 

<400 SEQUENCE: 5 

Phe Phe Val Ile Phe Tyr Phe Phe Arg 
1 5 

<210> SEQ ID NO 6 
&2 11s LENGTH 8 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal deletion of the amino acid 

sequence shown in SEQ ID NO. 1 

<400 SEQUENCE: 6 

Phe Val Ile Phe Tyr Phe Phe Arg 
1 5 

<210 SEQ ID NO 7 
&2 11s LENGTH 7 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
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-continued 

<223> OTHER INFORMATION: amino terminal deletion of the amino acid 
sequence shown in SEQ ID NO. 1 

<400 SEQUENCE: 7 

Val Ile Phe Tyr Phe Phe Arg 
1 5 

<210 SEQ ID NO 8 
<211& LENGTH: 11 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal deletion of the amino acid 
sequence shown in SEQ ID NO. 1 

<400 SEQUENCE: 8 

Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe 
1 5 10 

<210 SEQ ID NO 9 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal deletion of the amino acid 
sequence shown in SEQ ID NO. 1 

<400 SEQUENCE: 9 

Trp Leu Val Phe Phe Val Ile Phe Tyr Phe 
1 5 10 

<210> SEQ ID NO 10 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal deletion of the amino acid 
sequence shown in SEQ ID NO. 1 

<400 SEQUENCE: 10 

Trp Leu Val Phe Phe Val Ile Phe Tyr 
1 5 

<210> SEQ ID NO 11 
&2 11s LENGTH 8 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal deletion of the amino acid 
sequence shown in SEQ ID NO. 1 

<400 SEQUENCE: 11 

Trp Leu Val Phe Phe Val Ile Phe 
1 5 

<210> SEQ ID NO 12 
&2 11s LENGTH 7 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal deletion of the amino acid 
sequence shown in SEQ ID NO. 1 

<400 SEQUENCE: 12 

Trp Leu Val Phe Phe Val Ile 

Dec. 30, 2004 
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-continued 

<210> SEQ ID NO 13 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal deletion of the 
amino acid shown in SEQ ID NO. 1 

<400 SEQUENCE: 13 

Leu Val Phe Phe Val Ile Phe Tyr Phe Phe 
1 5 10 

<210> SEQ ID NO 14 
&2 11s LENGTH 8 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal deletion of the 
amino acid sequence shown in SEQ ID NO. 1 

<400 SEQUENCE: 14 

Val Phe Phe Val Ile Phe Tyr Phe 
1 5 

<210 SEQ ID NO 15 
&2 11s LENGTH 6 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal deletion of the 
amino acid sequence shown in SEQ ID NO. 1 

<400 SEQUENCE: 15 

Phe Phe Val Ile Phe Tyr 
1 5 

<210> SEQ ID NO 16 
&2 11s LENGTH 13 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal addition of the amino acid 

sequence shown in SEQ ID NO. 1 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) . . (1) 
OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 16 

Xaa Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg 
1 5 10 

<210 SEQ ID NO 17 
<211& LENGTH: 14 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal addition of the amino acid 

sequence shown in SEQ ID NO. 1 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) ... (2) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 17 
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US 2004/0265963 A1 
22 

-continued 

Xaa Xaa Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg 
1 5 10 

<210> SEQ ID NO 18 
&2 11s LENGTH 15 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal addition of the amino acid 

sequence shown in SEQ ID NO. 1 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 18 

Xaa Xaa Xaa Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg 
1 5 10 15 

<210 SEQ ID NO 19 
&2 11s LENGTH 16 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal addition of the amino acid 

sequence shown in SEQ ID NO. 1 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) ... (4) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 19 

Xaa Xaa Xaa Xaa Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg 
1 5 10 15 

<210> SEQ ID NO 20 
&2 11s LENGTH 17 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal addition of the amino acid 

sequence shown in SEQ ID NO. 1 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) . . (5) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 20 

Xaa Xaa Xaa Xaa Xaa Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe 
1 5 10 15 

Arg 

<210> SEQ ID NO 21 
<211& LENGTH 22 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal addition of the amino acid 

sequence shown in SEQ ID NO. 1 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) . . (10) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 21 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Trp Leu Val Phe Phe Val 
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5 10 15 

Ile Phe Tyr Phe Phe Arg 

<400 

SEQ ID NO 22 
LENGTH 27 
TYPE PRT 

ORGANISM: Artificial sequence 
FEATURE: 
OTHER INFORMATION: amino terminal addition of the amino acid 
sequence shown in SEQ ID NO. 1 
FEATURE: 

NAME/KEY: MISC FEATURE 
LOCATION: (1) . . (15) 
OTHER INFORMATION: any amino acid 

SEQUENCE: 22 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Trp 
1 5 10 15 

Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg 

<400 

2O 25 

SEQ ID NO 23 
LENGTH 13 
TYPE PRT 

ORGANISM: Artificial sequence 
FEATURE: 

OTHER INFORMATION: carboxy terminal addition of the amino acid 
sequence shown in SEQ ID NO. 1 
FEATURE: 

NAME/KEY: MISC FEATURE 
LOCATION: (13) . . (13) 
OTHER INFORMATION: any amino acid 

SEQUENCE: 23 

Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg Xaa 
1 

<400 

5 10 

SEQ ID NO 24 
LENGTH 14 
TYPE PRT 

ORGANISM: Artificial sequence 
FEATURE: 

OTHER INFORMATION: carboxy terminal addition of the amino acid 
sequence shown in SEQ ID NO. 1 
FEATURE: 

NAME/KEY: MISC FEATURE 
LOCATION: (13) . . (14) 
OTHER INFORMATION: any amino acid 

SEQUENCE: 24 

Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg Xaa Xaa 
1 

<400 

5 10 

SEQ ID NO 25 
LENGTH 15 
TYPE PRT 

ORGANISM: Artificial sequence 
FEATURE: 

OTHER INFORMATION: carboxy terminal addition of the amino acid 
sequence shown in SEQ ID NO. 1 
FEATURE: 
NAME/KEY: MISC FEATURE 
LOCATION: (13) . . (15) 
OTHER INFORMATION: any amino acid 

SEQUENCE: 25 
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Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg Xaa Xaa Xaa 
1 5 10 15 

<210> SEQ ID NO 26 
&2 11s LENGTH 16 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal addition of the amino acid 
sequence shown in SEQ ID NO. 1 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (13) . . (16) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 26 

Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg Xaa Xaa Xaa Xaa 
1 5 10 15 

<210 SEQ ID NO 27 
&2 11s LENGTH 17 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal addition of the amino acid 
sequence shown in SEQ ID NO. 1 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (13) . . (17) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 27 

Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg Xaa Xaa Xaa Xaa 
1 5 10 15 

Xaa 

<210> SEQ ID NO 28 
<211& LENGTH 22 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal addition of the amino acid 
sequence shown in SEQ ID NO. 1 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (13) . . (22) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 28 

Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg Xaa Xaa Xaa Xaa 
1 5 10 15 

Xala Xala Xala Xala Xala Xala 
2O 

<210 SEQ ID NO 29 
&2 11s LENGTH 27 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal addition of the amino acid 
sequence shown in SEQ ID NO. 1 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (13) . . (27) 
<223> OTHER INFORMATION: any amino acid 
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-continued 

<400 SEQUENCE: 29 

Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg Xaa Xaa Xaa Xaa 
1 5 10 15 

Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala 
2O 25 

<210 SEQ ID NO 30 
<211& LENGTH: 14 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal addition of the 
amino acid sequence shown in SEQ ID NO. 1 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (14) . . (14) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 30 

Xaa Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg Xaa 
1 5 10 

<210> SEQ ID NO 31 
&2 11s LENGTH 16 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal addition of the 
amino acid sequence shown in SEQ ID NO. 1 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) ... (2) 
<223> OTHER INFORMATION: any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (15) . . (16) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 31 

Xaa Xaa Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg Xaa Xaa 
1 5 10 15 

<210> SEQ ID NO 32 
&2 11s LENGTH 18 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal addition of the 
amino acid sequence shown in SEQ ID NO. 1 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (16) . . (18) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 32 

Xaa Xaa Xaa Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg Xaa 
1 5 10 15 

Xala Xala 
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<210 SEQ ID NO 33 
&2 11s LENGTH 2.0 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal addition of the 
amino acid sequence shown in SEQ ID NO. 1 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) ... (4) 
<223> OTHER INFORMATION: any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (17) . . (20) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 33 

Xaa Xaa Xaa Xaa Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg 
1 5 10 15 

Xala Xala Xala Xala 
2O 

<210> SEQ ID NO 34 
<211& LENGTH 22 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal addition of the 
amino acid sequence shown in SEQ ID NO. 1 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) . . (5) 
<223> OTHER INFORMATION: any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (18) . . (22) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 34 

Xaa Xaa Xaa Xaa Xaa Trp Leu Val Phe Phe Val Ile Phe Tyr Phe Phe 
1 5 10 15 

Arg Xaa Xala Xala Xala Xaa 
2O 

<210 SEQ ID NO 35 
&2 11s LENGTH 32 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal addition of the 
amino acid sequence shown in SEQ ID NO. 1 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) . . (10) 
<223> OTHER INFORMATION: any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (23) . . (32) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 35 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Trp Leu Val Phe Phe Val 
1 5 10 15 

Ile Phe Tyr Phe Phe Arg Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
2O 25 30 
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<210 SEQ ID NO 36 
<211& LENGTH 42 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal addition of the 
amino acid sequence shown in SEQ ID NO. 1 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) . . (15) 
<223> OTHER INFORMATION: any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (28) ... (42) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 36 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Trp 
1 5 10 15 

Leu Val Phe Phe Val Ile Phe Tyr Phe Phe Arg Xaa Xaa Xaa Xaa Xaa 
2O 25 30 

Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala 
35 40 

<210 SEQ ID NO 37 
&2 11s LENGTH 13 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino acid sequence of a peptide that can be 
used according to the present invention 

<400 SEQUENCE: 37 

Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly 
1 5 10 

<210 SEQ ID NO 38 
<211& LENGTH: 12 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal deletion of the amino acid 

sequence shown in SEQ ID NO. 37 

<400 SEQUENCE: 38 

Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly 
1 5 10 

<210 SEQ ID NO 39 
<211& LENGTH: 11 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal deletion of the amino acid 

sequence shown in SEQ ID NO. 37 

<400 SEQUENCE: 39 

Val Leu Phe Leu Met Ile Phe His Phe Leu Gly 
1 5 10 

<210> SEQ ID NO 40 
&2 11s LENGTH 10 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal deletion of the amino acid 
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-continued 

sequence shown in SEQ ID NO. 37 

<400 SEQUENCE: 40 

Leu Phe Leu Met Ile Phe His Phe Leu Gly 
1 5 10 

<210> SEQ ID NO 41 
&2 11s LENGTH 9 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal deletion of the amino acid 

sequence shown in SEQ ID NO. 37 

<400 SEQUENCE: 41 

Phe Leu Met Ile Phe His Phe Leu Gly 
1 5 

<210> SEQ ID NO 42 
&2 11s LENGTH 8 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal deletion of the amino acid 

sequence shown in SEQ ID NO. 37 

<400 SEQUENCE: 42 

Leu Met Ile Phe His Phe Leu Gly 
1 5 

<210> SEQ ID NO 43 
<211& LENGTH: 12 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal deletion of the amino acid 
sequence shown in SEQ ID NO. 37 

<400 SEQUENCE: 43 

Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu 
1 5 10 

<210> SEQ ID NO 44 
<211& LENGTH: 11 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal deletion of the amino acid 
sequence shown in SEQ ID NO. 37 

<400 SEQUENCE: 44 

Asn Gly Val Leu Phe Leu Met Ile Phe His Phe 
1 5 10 

<210> SEQ ID NO 45 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal deletion of the amino acid 
sequence shown in SEQ ID NO. 37 

<400 SEQUENCE: 45 

Asn Gly Val Leu Phe Leu Met Ile Phe His 
1 5 10 
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<210> SEQ ID NO 46 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal deletion of the amino acid 
sequence shown in SEQ ID NO. 37 

<400 SEQUENCE: 46 

Asn Gly Val Leu Phe Leu Met Ile Phe 
1 5 

<210> SEQ ID NO 47 
&2 11s LENGTH 8 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal deletion of the amino acid 
sequence shown in SEQ ID NO. 37 

<400 SEQUENCE: 47 

Asn Gly Val Leu Phe Leu Met Ile 
1 5 

<210> SEQ ID NO 48 
<211& LENGTH: 11 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal deletion of the 
amino acid shown in SEQ ID NO. 37 

<400 SEQUENCE: 48 

Gly Val Leu Phe Leu Met Ile Phe His Phe Leu 
1 5 10 

<210 SEQ ID NO 49 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal deletion of the 
amino acid shown in SEQ ID NO. 37 

<400 SEQUENCE: 49 

Wall Leu Phe Leu Met Ile Phe His Phe 
1 5 

<210 SEQ ID NO 50 
&2 11s LENGTH 7 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal deletion of the 
amino acid shown in SEQ ID NO. 37 

<400 SEQUENCE: 50 

Leu Phe Leu Met Ile Phe His 
1 5 

<210 SEQ ID NO 51 
<211& LENGTH: 14 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
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&220s FEATURE 
<223> OTHER INFORMATION: amino terminal addition of the amino acid 

sequence shown in SEQ ID NO. 37 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 51 

Xaa Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly 
1 5 10 

<210> SEQ ID NO 52 
&2 11s LENGTH 15 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal addition of the amino acid 

sequence shown in SEQ ID NO. 37 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) ... (2) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 52 

Xaa Xaa Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly 
1 5 10 15 

<210> SEQ ID NO 53 
&2 11s LENGTH 16 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal addition of the amino acid 

sequence shown in SEQ ID NO. 37 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 53 

Xaa Xaa Xaa Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly 
1 5 10 15 

<210> SEQ ID NO 54 
&2 11s LENGTH 17 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal addition of the amino acid 

sequence shown in SEQ ID NO. 37 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) ... (4) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 54 

Xaa Xaa Xaa Xaa Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu 
1 5 10 15 

Gly 

<210 SEQ ID NO 55 
&2 11s LENGTH 18 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal addition of the amino acid 
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sequence shown in SEQ ID NO. 37 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) . . (5) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 55 

Xaa Xaa Xaa Xaa Xaa Asn Gly Val Leu Phe Leu Met Ile Phe His Phe 
1 5 10 15 

Leu Gly 

<210 SEQ ID NO 56 
&2 11s LENGTH 23 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal addition of the amino acid 

sequence shown in SEQ ID NO. 37 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) . . (10) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 56 

Xaa Xala Xala Xala Xala Xala Xala Xala Xala Xala Asn Gly Val Lieu Phe Lieu 
1 5 10 15 

Met Ile Phe His Phe Leu Gly 
20 

<210 SEQ ID NO 57 
&2 11s LENGTH 2.8 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino terminal addition of the amino acid 

sequence shown in SEQ ID NO. 37 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) . . (15) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 57 

Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Asn 
1 5 10 15 

Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly 
20 25 

<210 SEQ ID NO 58 
<211& LENGTH: 14 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal addition of the amino acid 
sequence shown in SEQ ID NO. 37 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (14) . . (14) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 58 

Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly Xaa 
1 5 10 

<210 SEQ ID NO 59 
&2 11s LENGTH 15 
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&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal addition of the amino acid 
sequence shown in SEQ ID NO. 37 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (14) . . (15) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 59 

Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly Xaa Xaa 
1 5 10 15 

<210 SEQ ID NO 60 
&2 11s LENGTH 16 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal addition of the amino acid 
sequence shown in SEQ ID NO. 37 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (14) . . (16) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 60 

Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly Xaa Xaa Xaa 
1 5 10 15 

<210> SEQ ID NO 61 
&2 11s LENGTH 17 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal addition of the amino acid 
sequence shown in SEQ ID NO. 37 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (14) . . (17) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 61 

Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly Xaa Xaa Xaa 
1 5 10 15 

Xaa 

<210> SEQ ID NO 62 
&2 11s LENGTH 18 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal addition of the amino acid 
sequence shown in SEQ ID NO. 37 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (14) . . (18) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 62 

Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly Xaa Xaa Xaa 
1 5 10 15 

Xala Xala 

<210 SEQ ID NO 63 
&2 11s LENGTH 23 
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&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal addition of the amino acid 
sequence shown in SEQ ID NO. 37 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (14) . . (23) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 63 

Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly Xaa Xaa Xaa 
1 5 10 15 

Xala Xala Xala Xala Xala Xala Xala 
2O 

<210> SEQ ID NO 64 
&2 11s LENGTH 2.8 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: carboxy terminal addition of the amino acid 
sequence shown in SEQ ID NO. 37 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (14) . . (28) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 64 

Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly Xaa Xaa Xaa 
1 5 10 15 

Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala 
2O 25 

<210 SEQ ID NO 65 
&2 11s LENGTH 15 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal addition of the 
amino acid sequence shown in SEQ ID NO. 37 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (15) . . (15) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 65 

Xaa Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly Xaa 
1 5 10 15 

<210 SEQ ID NO 66 
&2 11s LENGTH 17 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal addition of the 
amino acid sequence shown in SEQ ID NO. 37 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) ... (2) 
<223> OTHER INFORMATION: any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (16) . . (17) 
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<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 66 

Xaa Xaa Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly Xaa 
1 5 10 15 

Xaa 

<210 SEQ ID NO 67 
&2 11s LENGTH 19 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal addition of the 
amino acid sequence shown in SEQ ID NO. 37 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (17) . . (19) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 67 

Xaa Xaa Xaa Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly 
1 5 10 15 

Xala Xala Xala 

<210 SEQ ID NO 68 
<211& LENGTH 21 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal addition of the 
amino acid sequence shown in SEQ ID NO. 37 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) ... (4) 
<223> OTHER INFORMATION: any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (18) . . (21) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 68 

Xaa Xaa Xaa Xaa Asn Gly Val Leu Phe Leu Met Ile Phe His Phe Leu 
1 5 10 15 

Gly Xaa Xala Xala Xaa 
2O 

<210 SEQ ID NO 69 
&2 11s LENGTH 23 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal addition of the 
amino acid sequence shown in SEQ ID NO. 37 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) . . (5) 
<223> OTHER INFORMATION: any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (19) . . (23) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 69 
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Xaa Xaa Xaa Xaa Xaa Asn Gly Val Leu Phe Leu Met Ile Phe His Phe 
1 5 10 15 

Leu Gly Xaa Xala Xala Xala Xala 
2O 

<210 SEQ ID NO 70 
&2 11s LENGTH 33 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal addition of the 
amino acid sequence shown in SEQ ID NO. 37 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) . . (10) 
<223> OTHER INFORMATION: any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (24) . . (33) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 70 

Xaa Xala Xala Xala Xala Xala Xala Xala Xala Xala Asn Gly Val Lieu Phe Lieu 
1 5 10 15 

Met Ile Phe His Phe Leu Gly Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
2O 25 30 

Xaa 

<210 SEQ ID NO 71 
&2 11s LENGTH 43 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: amino and carboxy terminal addition of the 
amino acid sequence shown in SEQ ID NO. 37 

&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (1) . . (15) 
<223> OTHER INFORMATION: any amino acid 
&220s FEATURE 
<221 NAME/KEY: MISC FEATURE 
<222> LOCATION: (29).. (43) 
<223> OTHER INFORMATION: any amino acid 

<400 SEQUENCE: 71 

Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Asn 
1 5 10 15 

Gly Val Leu Phe Leu Met Ile Phe His Phe Leu Gly Xaa Xaa Xaa Xaa 
2O 25 30 

Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala 
35 40 

<210 SEQ ID NO 72 
&2 11s LENGTH 13 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino acid sequence of a peptide that can be 

used according to the present invention 

<400 SEQUENCE: 72 

Glu Met Lieu Val Lieu Lleu Met Ala Lieu Lys Lieu Lleu Ala 
1 5 10 
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<210 SEQ ID NO 73 
&2 11s LENGTH 15 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 

Dec. 30, 2004 

<223> OTHER INFORMATION: amino acid sequence of a peptide used for 
control purposes 

<400 SEQUENCE: 73 

Lys Val Glu Lys Ile Gly Glu Gly Thr Tyr Gly Val Val Tyr Lys 
1 5 10 15 

<210> SEQ ID NO 74 
&2 11s LENGTH 13 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino acid sequence of a peptide used for 

control purposes 

<400 SEQUENCE: 74 

Ser Ser Asp Val Arg Tyr Val Asn Ala Phe Lys Phe Met 
1 5 10 

<210 SEQ ID NO 75 
<211& LENGTH 21 
&212> TYPE PRT 

<213> ORGANISM: Artificial sequence 
&220s FEATURE 
<223> OTHER INFORMATION: amino acid sequence of a peptide used for 

control purposes 

<400 SEQUENCE: 75 

Lys Thr Glu Gly Val Pro Ser Thr Ala Ile Arg Glu Ile Ser Leu 
1 5 10 15 

Lys Glu Lieu. Asn His 
2O 

<210 SEQ ID NO 76 
&2 11s LENGTH: 31 
&212> TYPE PRT 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

Telu 

<223> OTHER INFORMATION: amino acid sequence of a peptide used for 
control purposes 

<400 SEQUENCE: 76 

Ala Lys Phe Glu Val Asn. Asn. Pro Glin Val Glin Arg Glin Ala Phe 
1 5 10 15 

Glu Lieu. Ile Arg Val Val His Glin Leu Lleu Pro Glu Ser Ser Lieu 
2O 25 30 

We claim: 
1. A peptide Selected from the group consisting of 
a) a peptide comprising the amino acid sequence shown in 
SEQ ID NO. 1, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

b) a peptide comprising the amino acid sequence shown 
in SEQ ID NO. 37, or a fragment or variant thereof, 2. 

Asn 

tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; and 

c) a peptide comprising the amino acid sequence shown in 
SEQ ID NO. 72, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase. 
The peptide according to claim 1, wherein Said protein 

wherein Said peptide can bind to an autophosphoryla- kinase is a tyrosine kinase. 
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3. The peptide according to claim 2, wherein Said tyrosine 
kinase is a JAK2 polypeptide. 

4. The peptide according to claim 1, wherein Said peptide 
consists of between about 5 to about 45 amino acids. 

5. The peptide according to claim 1, wherein Said peptide 
binds to an autophosphorylation site of Said protein kinase 
and Said autophosphorylation site has the amino acid 
sequence shown in SEQ ID NO. 2. 

6. The peptide according to claim 1, wherein Said peptide 
is a peptide comprising the amino acid Sequence shown in 
SEQ ID NO. 1, or a fragment or variant thereof, wherein said 
peptide can bind to an autophosphorylation site of a protein 
kinase and thereby inhibit autophosphorylation of Said pro 
tein kinase. 

7. The peptide according to claim 6, wherein Said peptide 
consists of the amino acid sequence shown in SEQ ID NO. 
3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6. SEQ ID 
NO. 7, SEQID NO. 8, SEQID NO. 9, SEQID NO. 10, SEQ 
ID NO. 11, SEQ ID NO. 12, SEQ ID NO. 13, SEQ ID NO. 
14, SEQ ID NO. 15, SEQ ID NO. 16, SEQ ID NO. 17, SEQ 
ID NO. 18, SEQ ID NO.19, SEQID NO. 20, SEQ ID NO. 
21, SEQ ID NO. 22, SEQ ID NO. 23, SEQ ID NO. 24, SEQ 
ID NO. 25, SEQ ID NO. 26, SEQID NO. 27, SEQ ID NO. 
28, SEQ ID NO. 29, SEQ ID NO. 30, SEQ ID NO. 31, SEQ 
ID NO. 32, SEQ ID NO. 33, SEQID NO. 34, SEQ ID NO. 
35, or SEQ ID NO. 36. 

8. The peptide according to claim 1, wherein Said peptide 
is a peptide comprising the amino acid Sequence shown in 
SEQ ID NO. 37, or a fragment or variant thereof, wherein 
Said peptide can bind to an autophosphorylation site of a 
protein kinase and thereby inhibit autophosphorylation of 
Said protein kinase. 

9. The peptide according to claim 8, wherein Said peptide 
consists of the amino acid sequence shown in SEQ ID NO. 
38, SEQ ID NO. 39, SEQ ID NO. 40, SEQ ID NO. 41, SEQ 
ID NO. 42, SEQ ID NO. 43, SEQ ID NO. 44, SEQ ID NO. 
45, SEQ ID NO. 46, SEQ ID NO. 47, SEQ ID NO. 48, SEQ 
ID NO. 49, SEQ ID NO. 50, SEQID NO. 51, SEQ ID NO. 
52, SEQ ID NO. 53, SEQ ID NO. 54, SEQ ID NO. 55, SEQ 
ID NO. 56, SEQ ID NO. 57, SEQID NO. 58, SEQ ID NO. 
59, SEQ ID NO. 60, SEQ ID NO. 61, SEQ ID NO. 62, SEQ 
ID NO. 63, SEQ ID NO. 64, SEQID NO. 65, SEQ ID NO. 
66, SEQ ID NO. 67, SEQ ID NO. 68, SEQ ID NO. 69, SEQ 
ID NO. 70, or SEQ ID NO. 71. 

10. The peptide according to claim 1, wherein Said peptide 
is a peptide comprising the amino acid Sequence shown in 
SEQ ID NO. 72, or a fragment or variant thereof, wherein 
Said peptide can bind to an autophosphorylation site of a 
protein kinase and thereby inhibit autophosphorylation of 
Said protein kinase. 

11. A composition comprising a peptide, wherein Said 
peptide is Selected from the group consisting of: 

a) a peptide comprising the amino acid sequence shown in 
SEQ ID NO. 1, or a fragment or variant thereof, and 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

b) a peptide comprising the amino acid sequence shown 
in SEQ ID NO. 37, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; and 
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c) a peptide comprising the amino acid sequence shown in 
SEQ ID NO. 72, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase. 

12. The composition according to claim 11, wherein Said 
protein kinase is a tyrosine kinase. 

13. The composition according to claim 12, wherein Said 
tyrosine kinase is a JAK2 polypeptide. 

14. The composition according to claim 11, wherein Said 
peptide consists of between about 5 to about 45 amino acids. 

15. The composition according to claim 11, wherein Said 
composition comprises a pharmaceutically-acceptable car 
rier or diluent. 

16. The composition according to claim 11, wherein Said 
peptide binds to an autophosphorylation site of Said protein 
kinase and Said autophosphorylation site has the amino acid 
sequence shown in SEQ ID NO. 2. 

17. The composition according to claim 11, wherein Said 
peptide is a peptide comprising the amino acid Sequence 
shown in SEQ ID NO. 1, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphorylation site 
of a protein kinase and thereby inhibit autophosphorylation 
of Said protein kinase. 

18. The composition according to claim 17, wherein Said 
peptide consists of the amino acid Sequence shown in SEQ 
ID NO. 3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6. 
SEQID NO. 7, SEQ ID NO. 8, SEQ ID NO. 9, SEQID NO. 
10, SEQ ID NO. 11, SEQ ID NO. 12, SEQ ID NO. 13, SEQ 
ID NO. 14, SEQ ID NO. 15, SEQ ID NO. 16, SEQ ID NO. 
17, SEQ ID NO. 18, SEQ ID NO. 19, SEQ ID NO. 20, SEQ 
ID NO. 21, SEQ ID NO. 22, SEQID NO. 23, SEQ ID NO. 
24, SEQ ID NO. 25, SEQ ID NO. 26, SEQ ID NO. 27, SEQ 
ID NO. 28, SEQ ID NO. 29, SEQID NO. 30, SEQ ID NO. 
31, SEQ ID NO. 32, SEQ ID NO. 33, SEQ ID NO. 34, SEQ 
ID NO. 35, or SEQ ID NO. 36. 

19. The composition according to claim 11, wherein Said 
peptide is a peptide comprising the amino acid Sequence 
shown in SEQ ID NO. 37, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphorylation site 
of a protein kinase and thereby inhibit autophosphorylation 
of Said protein kinase. 

20. The composition according to claim 19, wherein said 
peptide consists of the amino acid Sequence shown in SEQ 
ID NO. 38, SEQ ID NO. 39, SEQID NO. 40, SEQ ID NO. 
41, SEQ ID NO. 42, SEQ ID NO. 43, SEQ ID NO. 44, SEQ 
ID NO. 45, SEQ ID NO. 46, SEQID NO. 47, SEQ ID NO. 
48, SEQ ID NO. 49, SEQ ID NO. 50, SEQ ID NO. 51, SEQ 
ID NO. 52, SEQ ID NO. 53, SEQID NO. 54, SEQ ID NO. 
55, SEQ ID NO. 56, SEQ ID NO. 57, SEQ ID NO. 58, SEQ 
ID NO. 59, SEQ ID NO. 60, SEQID NO. 61, SEQ ID NO. 
62, SEQ ID NO. 63, SEQ ID NO. 64, SEQ ID NO. 65, SEQ 
ID NO. 66, SEQ ID NO. 67, SEQID NO. 68, SEQ ID NO. 
69, SEQ ID NO. 70, or SEQ ID NO. 71. 

21. The composition according to claim 11, wherein Said 
peptide is a peptide comprising the amino acid Sequence 
shown in SEQ ID NO. 72, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphorylation site 
of a protein kinase and thereby inhibit autophosphorylation 
of Said protein kinase. 

22. An isolated peptide Selected from the group consisting 
of: 

a) a peptide that consists of the Sequence shown in SEQ 
ID NO. 1, or a fragment or variant of SEQ ID NO. 1, 
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wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

b) a peptide that consists of the Sequence shown in SEQ 
ID NO. 37, or a fragment or variant of SEQ ID NO. 37, 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; and 

c) a peptide that consists of the sequence shown in SEQ 
ID NO. 72, or a fragment or variant of SEQ ID NO. 72, 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase. 

23. The isolated peptide according to claim 22, wherein 
Said protein kinase is a tyrosine kinase. 

24. The isolated peptide according to claim 23, wherein 
Said tyrosine kinase is a JAK2 polypeptide. 

25. The isolated peptide according to claim 22, wherein 
Said peptide binds to an autophosphorylation Site of Said 
protein kinase and Said autophosphorylation site has the 
amino acid sequence shown in SEQ ID NO. 2. 

26. The isolated peptide according to claim 22, where said 
peptide consists of the sequence shown in SEQ ID NO. 1, or 
a fragment or variant of SEQID NO.1, wherein said peptide 
can bind to an autophosphorylation site of a protein kinase 
and thereby inhibit autophosphorylation of Said protein 
kinase. 

27. The isolated peptide according to claim 22, wherein 
said peptide consists of the sequence shown in SEQ ID NO. 
37, or a fragment or variant of SEQID NO. 37, wherein said 
peptide can bind to an autophosphorylation site of a protein 
kinase and thereby inhibit autophosphorylation of Said pro 
tein kinase. 

28. The isolated peptide according to claim 22, wherein 
said peptide consists of the sequence shown in SEQ ID NO. 
72, or a fragment or variant of SEQID NO. 72, wherein said 
peptide can bind to an autophosphorylation site of a protein 
kinase and thereby inhibit autophosphorylation of Said pro 
tein kinase. 

29. A method for treating or preventing an autoimmune, 
inflammatory, cardiovascular, or oncological disorder in a 
human or animal, Said method comprising administering to 
the human or animal an effective amount of 

a) a peptide comprising the amino acid sequence shown in 
SEQ ID NO. 1, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

b) a composition comprising a peptide, wherein said 
peptide comprises the amino acid Sequence shown in 
SEQ ID NO. 1, or a fragment or variant thereof, and 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

c) an isolated peptide that consists of the sequence shown 
in SEQ ID NO. 1, or a fragment or variant of SEQ ID 
NO. 1, wherein Said peptide can bind to an autophos 
phorylation Site of a protein kinase and thereby inhibit 
autophosphorylation of Said protein kinase, 

d) a peptide comprising the amino acid sequence shown 
in SEQ ID NO. 37, or a fragment or variant thereof, 
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wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

e) a composition comprising a peptide, wherein said 
peptide comprises the amino acid Sequence shown in 
SEQ ID NO. 37, or a fragment or variant thereof, and 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

f) an isolated peptide that consists of the Sequence shown 
in SEQ ID NO. 37, or a fragment or variant of SEQ ID 
NO. 37, wherein said peptide can bind to an autophos 
phorylation Site of a protein kinase and thereby inhibit 
autophosphorylation of Said protein kinase, 

g) a peptide comprising the amino acid sequence shown 
in SEQ ID NO. 72, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

h) a composition comprising a peptide, wherein said 
peptide comprises the amino acid Sequence shown in 
SEQ ID NO. 72, or a fragment or variant thereof, and 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

i) an isolated peptide that consists of the sequence shown 
in SEQ ID NO. 72, or a fragment or variant of SEQ ID 
NO. 72, wherein said peptide can bind to an autophos 
phorylation Site of a protein kinase and thereby inhibit 
autophosphorylation of Said protein kinase, 

j) an antibody that binds to an autophosphorylation site on 
a protein kinase and blockS functional activity of Said 
protein kinase; or 

k) a polynucleotide that encodes a peptide that can bind to 
an autophosphorylation site of a protein kinase and 
thereby inhibit autophosphorylation of said protein 
kinase. 

30. The method according to claim 29, wherein said 
inflammatory disorder is Selected from the group consisting 
of arthritis, multiple Sclerosis, lupus, Crohn's disease, dia 
betes, graft rejection, neurological disease, and an inflam 
matory connective tissue disease. 

31. The method according to claim 30, wherein said 
oncological disorder is Selected from the group consisting of 
cancer and/or tumors of the breast, kidney, mouth, larynx, 
esophagus, Stomach, colon, Ovary, lung, bladder, skin, 
muscle, pancreas, prostate, blood cells, and brain. 

32. The method according to claim 30, wherein said 
oncological disorder is a leukemia. 

33. A method for inhibiting autophosphorylation of a 
protein kinase, Said method comprising contacting Said 
protein kinase with: 

a) a peptide comprising the amino acid sequence shown in 
SEQ ID NO. 1, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphoryla 
tion site of Said protein kinase and thereby inhibit 
autophosphorylation of Said protein kinase, 

b) a composition comprising a peptide, wherein said 
peptide comprises the amino acid Sequence shown in 
SEQ ID NO. 1, or a fragment or variant thereof, and 
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wherein Said peptide can bind to an autophosphoryla 
tion site of Said protein kinase and thereby inhibit 
autophosphorylation of Said protein kinase, 

c) an isolated peptide that consists of the sequence shown 
in SEQ ID NO. 1, or a fragment or variant of SEQ ID 
NO. 1, wherein Said peptide can bind to an autophos 
phorylation site of Said protein kinase and thereby 
inhibit autophosphorylation of Said protein kinase; 

d) a peptide comprising the amino acid sequence shown 
in SEQ ID NO. 37, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphoryla 
tion site of Said protein kinase and thereby inhibit 
autophosphorylation of Said protein kinase, 

e) a composition comprising a peptide, wherein said 
peptide comprises the amino acid Sequence shown in 
SEQ ID NO. 37, or a fragment or variant thereof, and 
wherein Said peptide can bind to an autophosphoryla 
tion site of Said protein kinase and thereby inhibit 
autophosphorylation of Said protein kinase, 

f) an isolated peptide that consists of the Sequence shown 
in SEQ ID NO. 37, or a fragment or variant of SEQ ID 
NO. 37, wherein said peptide can bind to an autophos 
phorylation site of Said protein kinase and thereby 
inhibit autophosphorylation of Said protein kinase; 

g) a peptide comprising the amino acid sequence shown 
in SEQ ID NO. 72, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphoryla 
tion site of Said protein kinase and thereby inhibit 
autophosphorylation of Said protein kinase, 

h) a composition comprising a peptide, wherein said 
peptide comprises the amino acid Sequence shown in 
SEQ ID NO. 72, or a fragment or variant thereof, and 
wherein Said peptide can bind to an autophosphoryla 
tion site of Said protein kinase and thereby inhibit 
autophosphorylation of Said protein kinase, 

i) an isolated peptide that consists of the Sequence shown 
in SEQ ID NO. 72, or a fragment or variant of SEQ ID 
NO. 72, wherein said peptide can bind to an autophos 
phorylation site of Said protein kinase and thereby 
inhibit autophosphorylation of Said protein kinase; 

j) an antibody that binds to an autophosphorylation site on 
Said protein kinase and blockS functional activity of 
Said protein kinase; or 

k) a polynucleotide that encodes a peptide that can bind to 
an autophosphorylation site of Said protein kinase and 
thereby inhibit autophosphorylation of said protein 
kinase. 

34. The method according to claim 33, wherein said 
protein kinase is a tyrosine kinase. 

35. The method according to claim 34, wherein said 
tyrosine kinase is a JAK2 polypeptide. 

36. The method according to claim 34, wherein said 
tyrosine kinase is an EGFR polypeptide. 

37. The method according to claim 34, wherein said 
tyrosine kinase is erbB-1, erbB-2, erbB-3, or erbB-4. 

38. The method according to claim 33, wherein said 
autophosphorylation site of Said protein kinase comprises 
the amino acid sequence shown in SEQ ID NO. 2. 
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39. An antibody that binds to an autophosphorylation site 
on a protein kinase and blockS functional activity of Said 
protein kinase. 

40. The antibody according to claim 39, wherein said 
protein kinase is a tyrosine kinase. 

41. The antibody according to claim 40, wherein said 
tyrosine kinase is a JAK2 polypeptide. 

42. The antibody according to claim 39, wherein said 
autophosphorylation site has the amino acid Sequence shown 
in SEO ID NO. 2. 

43. The antibody according to claim 39, wherein said 
antibody is a monoclonal antibody. 

44. A kit comprising in one or more containers: 
a) a peptide comprising the amino acid sequence shown in 
SEQ ID NO. 1, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

b) a composition comprising a peptide, wherein said 
peptide comprises the amino acid Sequence shown in 
SEQ ID NO. 1, or a fragment or variant thereof, and 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

c) an isolated peptide that consists of the Sequence shown 
in SEQ ID NO. 1, or a fragment or variant of SEQ ID 
NO. 1, wherein Said peptide can bind to an autophos 
phorylation Site of a protein kinase and thereby inhibit 
autophosphorylation of Said protein kinase, 

d) a peptide comprising the amino acid sequence shown 
in SEQ ID NO. 37, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

e) a composition comprising a peptide, wherein said 
peptide comprises the amino acid Sequence shown in 
SEQ ID NO. 37, or a fragment or variant thereof, and 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

f) an isolated peptide that consists of the Sequence shown 
in SEQ ID NO. 37, or a fragment or variant of SEQ ID 
NO. 37, wherein said peptide can bind to an autophos 
phorylation Site of a protein kinase and thereby inhibit 
autophosphorylation of Said protein kinase, 

g) a peptide comprising the amino acid sequence shown 
in SEQ ID NO. 72, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

h) a composition comprising a peptide, wherein said 
peptide comprises the amino acid Sequence shown in 
SEQ ID NO. 72, or a fragment or variant thereof, and 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

i) an isolated peptide that consists of the sequence shown 
in SEQ ID NO. 72, or a fragment or variant of SEQ ID 
NO. 72, wherein said peptide can bind to an autophos 
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phorylation Site of a protein kinase and thereby inhibit 
autophosphorylation of Said protein kinase, 

j) an antibody that binds to an autophosphorylation site on 
a protein kinase and blockS functional activity of Said 
protein kinase; or 

k) a polynucleotide that encodes a peptide that can bind to 
an autophosphorylation site of a protein kinase and 
thereby inhibit autophosphorylation of said protein 
kinase. 

45. A polynucleotide encoding a peptide of claim 1. 
46. A method for inhibiting IFN-Y mediated activity of a 

cell, Said method comprising contacting Said cell with an 
effective amount of: 

a) a peptide comprising the amino acid sequence shown in 
SEQ ID NO. 1, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

b) a composition comprising a peptide, wherein said 
peptide comprises the amino acid Sequence shown in 
SEQ ID NO. 1, or a fragment or variant thereof, and 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

c) an isolated peptide that consists of the sequence shown 
in SEQ ID NO. 1, or a fragment or variant of SEQ ID 
NO. 1, wherein said peptide can bind to an autophos 
phorylation Site of a protein kinase and thereby inhibit 
autophosphorylation of Said protein kinase, 

d) a peptide comprising the amino acid sequence shown 
in SEQ ID NO. 37, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

e) a composition comprising a peptide, wherein said 
peptide comprises the amino acid Sequence shown in 
SEQ ID NO. 37, or a fragment or variant thereof, and 
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wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

f) an isolated peptide that consists of the Sequence shown 
in SEQ ID NO. 37, or a fragment or variant of SEQ ID 
NO. 37, wherein said peptide can bind to an autophos 
phorylation Site of a protein kinase and thereby inhibit 
autophosphorylation of Said protein kinase, 

g) a peptide comprising the amino acid sequence shown 
in SEQ ID NO. 72, or a fragment or variant thereof, 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

h) a composition comprising a peptide, wherein said 
peptide comprises the amino acid Sequence shown in 
SEQ ID NO. 72, or a fragment or variant thereof, and 
wherein Said peptide can bind to an autophosphoryla 
tion site of a protein kinase and thereby inhibit auto 
phosphorylation of Said protein kinase; 

i) an isolated peptide that consists of the sequence shown 
in SEQ ID NO. 72, or a fragment or variant of SEQ ID 
NO. 72, wherein said peptide can bind to an autophos 
phorylation Site of a protein kinase and thereby inhibit 
autophosphorylation of Said protein kinase, 

j) an antibody that binds to an autophosphorylation site on 
a protein kinase and blockS functional activity of Said 
protein kinase, or 

k) a polynucleotide that encodes a peptide that can bind to 
an autophosphorylation site of a protein kinase and 
thereby inhibit autophosphorylation of said protein 
kinase. 

47. The method according to claim 46, wherein said IFN-y 
mediated activity is antiviral activity. 

48. The method according to claim 47, wherein said IFN-y 
mediated activity is upregulation of MHC class I molecules 
on cells. 


